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PREFACE

An engineering condition survey and evaluation of Troy Lock and

Dam was conducted for the U. S. Army Engineer District, New York, (NYD),

by the Structures Laboratory (SL) of the U. S. Army Engineer Waterways

Experiment Station (WES). Authorization for this investigation was

given in Intra-Army Order for reimbursable services No. NYD-78-52(c)

dated 16 February 1978.

The contract was monitored by the NYD Office with main assistance

from Mr. Tony Barbero, whose cooperation was greatly appreciated.

The assistance of Mr. Roselle and other lock personnel was outstanding.

The study was performed under the direction of Messrs. Bryant

Mather, William Flathau, and 4ohn Scanlon, SL.

The structural analysis was performed by Dr. C. E. Pace and

Mr. Roy Campbell. Material property tests were performed under the

direction of Messrs. F. S. Stewart and J. B. Eskridge. The instrumen-

tation was performed by Messrs. Dale Glass and Dan Wilson. The core

logging was performed in the field by Mr. Steve Johnson and in the lab-

oratory by Messrs. Sam Wong and J. Rhoderick. The core drilling was

under the direction of Mr. Mark Vispi. Dr. Pace and Messrs. Campbell

and Wong prepared this report.

Commanders and Directors during the conduct of the program and

the preparation and publication of this report were COL John L.

Cannon, CE, and COL Nelson P. Conover, CE. Mr. F. R. Brown was Tech-

nical Director.
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CONVERSION FACTORS, INCH-POUNDS TO METRIC (SI)
UNITS OF MEASUREMENT

Inch-pounds units of measurement used in this report can be converted

to metric (SI) units as follows:

Multiply By To Obtain

cubic yards 0.7645549 cubic metres

feet 0.3048 metres

feet4 (second moment of 0.008630975 metre to the fourth power
of area)

feet per second 0.3048 metres per second

inches 0.0254 metres

kips (force) 4448.222 newtons

kips (force) per square foot 47.88026 kilopascals

miles (U. S. statute) 1609.347 metres

pounds (force) 4.448222 newtons

pounds (force) per square
inch 6.894757 kilopascals

pounds (mass) 0.4535924 kilograms

pounds (mass) per cubic foot 16.01846 kilograms per cubic metre

pounds per foot 14.5939 newtons per metre

square inches 0.00064516 square metres

tons (force) per square foot 95.76052 kilopascals
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ENGINEERING CONDITION SURVEY AND EVALUATION OF

TROY LOCK AND DAM, HUDSON RIVER, NEW YORK

EVALUATION AND REHABILITATION

PART I: INTRODUCTION

Background

Significance of lock and dam

1. Troy Lock and Dam (Figure 1) is a vital link in the navigation

on the Hudson River, the New York State Barge Canal System, and the Great

Lakes, allowing access to many cities. The lock is essential for the

transportation of commodities by tugs, tows, tank barges, self-propelled

tank barges, and dry-cargo barges. Not only is it essential for commod-

ity transportation, but it has become the means by which many pleasure

craft travel up and down the river.

2. With the increase in leisure time and the interest in recrea-

tional boating, the use of the waterway by pleasure craft has increased

with time and this trend is expected to continue in the future. Many

boats in both the spring and fall make seasonal trips from the sunny

south to the more mountainous, wooded north, as well as completing many

short trips within the system during the summer navigation season.

3. Interruptions to the passage of vessels to accomplish any re-

pair work, either emergency or scheduled, have been practically nil dur-

ing the lifetime of the lock. The lock and dam was completed in the

fall of 1915 and became officially operational with the beginning of the

navigation season in 1916. This makes the facility more than 65 years

old. An example of the original construction of Troy Lock and Dam is

presented in Figures 2 and 3, respectively. Surface wearing, spalling,

cracking, and general deterioration of the concrete have occurred and

will continue to occur at accelerated rates. Preventative maintenance

procedures are being implemented to preserve the integrity of the

structure.
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4. The present Troy Lock and Dam connects the lower Hudson River

and the New York Canal System, primarily consisting of the Erie, Oswego,

and Champlain canal branches, with a total canal length of about

525 miles* with 57 locks.

5. The "system" of inland waterways provides a direct link be-

tween the Port of New York and the Great Lakes as well as providing

access to Lake Champlain and the northeast section of New York State,

the western section of the State of Vermont, and Canada.

6. If for any reason, Troy Lock could not be kept operational,

the whole Federal and State systems would fail completely since the

facility is the entrance from the Hudson River to the rest of the exten-

sive State Barge Canal System. The importance of the Hudson River lock

for transportation, as well as recreational aspects, makes it imperative

that rehabilitation of the lock and dam be accomplished. The point in

time has arrived when a decision must be made to either refurbish the

structures at a substantial cost in the immediate future, or to allow

further deterioration to the point where a complete rebuilding, at a

considerably greater cost, will be required. The replacement of the

lock and dam would bring on a further complication of requiring a con-

sideration of the fate of the public-owned electric power plant at the

dam.

7. It is believed that restoration of the lock and dam can extend

its useful life for many years. This is very important in light of the

importance of the lock and dam, as has already been explained, and in

light of the vast amount of money which is now necessary for the re-

placement of a large structure of this kind. In fact, the cost of large

construction projects is becoming exorbitant, and the funding for their

replacement is increasingly difficult to obtain. Troy lock, dam, and

gated spillway can deteriorate to the point where replacement is neces-

sary; a few portions already have reached this stage.

* A table of factors for converting inch-pound units of measurement

to metric (SI) units is presented on page 4.

6

. .. .



Historical back-

ground of Troy Lock and Dam

8. The Hudson River originates in the Adirondack Mountains in

northern New York State among the highest peaks of the Adirondack range

near Mount Marcy (5344 ft above mean sea level (msl)). It flows gen-

erally south into the ocean at New York City and is over 300 miles in

length.

9. First improvements of the Hudson River were made by the State

of New York in 1797. Shortly thereafter, construction of a State Barge

Canal System was proposed and the original canal was completed in 1825

linking Buffalo, in the western part of the state, with New York City.

10. First improvements of the Hudson River were started by the

Federal Government in 1834 (House Document No. 189--22nd Congress, First

Session), and the work has been continued by subsequent modifications to

the present navigation project by the U. S. Army Engineer District, New

York (NYD).

11. The Hudson River Lock at Troy, N. Y., is located in the

section of the Hudson River under improvement, extending from New York

City to Waterford, N. Y., a distance of about 156 miles. The Hudson

River is tidal to Troy Lock and Dam with a mean tidal range downstream

of the lock of 4.8 ft during the navigation season, which has an average

duration of approximately 250 days (from about 31 March to 15 December).

12. The present improvement of the Hudson River provides for a

32-ft-deep channel from New York City to the Port of Albany, a distance

of about 150 miles. This allows deep draft, oceangoing vessels access

to a major inland port with modern facilities, including tank farms, a

lumber yard, a large grain elevator, and a rail yard. Shallow draft

vessels ply the remaining system of rivers, lakes, and canal sections

to deliver various products throughout not only the tributary areas,

but also the Great Lakes.

Objectives

13. The first phase of study consisted of a condition survey

(Pace 1978). The second phase was to determine in more detail the
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actual condition of the lock and dam. This was accomplished by:

a. A coring program which gave profile depths of deteri-
orated concrete and representative engineering properties
of:

(1) Concrete in the lock, dam, and headgate section.

(2) The foundation under the lock and dam.

b. The profile depths of deteriorated concrete allow:

(1) An evaluation of rehabilitation or replacement of
each part of the structure.

(2) Accurate means of making estimates for the rehabili-

tation process.

c. A detailed stability analysis which permits an evaluation
of the stability of representative monoliths of the struc-
ture in relation to present-day criteria and to develop
remedial actions.

d. An evaluation of any areas of critical stress.

e. General recommendations for the rehabilitation of
the lock and dam. The recommendations include:

(1) Cause of deterioration and depth of removal of
deteriorated concrete.

(2) Method of removing deteriorated concrete.

(3) Methods of bonding and replacement of deteriorated

concrete.

(4) Rehabilitation necessary to eliminate stability

inadequacies.

Scope

14. This report makes conclusions about the condition of Troy Lock

and Dam and gives general recommendations concerning its rehabilitation.

8



PART II: CONDITION SURVEY RESULTS

15. The geometry of Troy Lock and Dam is presented in Figures 4

through 6.

16. Initial observations of Troy Lock and Dam give misleading im-

pressions of structural deficiencies (Figures 7 through 17). As is

apparent, there are significant deterioration deficiencies which are

important in relation to structure rehabilitation. The Phase I study

revealed (by ultrasonic investigation) that in general the interior

concrete of the lock is sound and of sufficient strength. The concrete

cracking in the lock and dam is negligible and is insignificant in the

headgate section except )r:

a. The pier which allows access to the dam tunnel on the
powerhouse side of the river.

b. The piers of the gated section which allow water to enter

the powerhouse.

17. The lock and dam monoliths show no signs of stability problems.

18. The water below Troy Lock and Dam was tested, and it did not

contain any substances which would be detrimental to the concrete.

19. Detailed analysis of the cause of the concrete deterioration

will be presented in Part IV of this report. Conclusions are drawn

based on the findings of concrete deterioration, stability analysis, and

stress analysis. Engineering judgment is then used to ascertain

the needs for rehabilitation of the lock, dam, and headgate section in

Parts VI, VII, VIII, and IX.
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PART III: CORING PROGRAM

Introduction

20. The condition survey (Pace 1978) determined from ultrasonic

test results and visual observations that in all probability the interior

concrete in Troy Lock and Dam is of good strength and cracking in the

lock and dam is structurally insignificant. The ultrasonic results gave

a general indication of the quality of the concrete in locations where

each side of the structure was accessible and the characteristics of a

pulse could be determined when sent on one side of the structure and

received on the other. The velocities of the ultrasonic pulse must be

correlated with results from concrete core tests that are in the same

general location to accurately relate the ultrasonic data to given con-

crete strengths; therefore, representative cores were obtained to verify

the properties of the concrete and foundation.

21. The main objective of the coring program was to obtain repre-

sentative samples of concrete, foundation, and backfill, which were used

to determine the engineering and characteristic properties and the de-

gree of uniformity for representative areas of the structure, backfill,

and foundation.

Plans for Coring Program

22. From the condition survey determinations, the 6-in. coring

program was oriented toward the following considerations:

a. Coring in the backfill behind the land wall monoliths to
obtain samples for determining average backfill density
and characteristics. Backfill characteristics will be
used to estimate reasonable horizontal pressure
coefficients.

b. Six-inch cores of the concrete to determine:

(1) The depths of deteriorated concrete over the lock,
dam, and gated spillway by representative coring.
The representative depths of deteriorated concrete
determined from the concrete cores allow depths
of deteriorated concrete removal to be determined.

10



This gives necessary information to determine if it
is better to rehabilitate or replace various parts
of the lock, dam, and gated spillway and gives ac-

curate data for making estimates for replacement or
rehabilitation.

(2) Representative samples of deteriorated concrete for
analysis and a determination of the cause of dete-

rioration.

(3) Engineering-properties of the concrete, below that
which is deteriorated and will be removed idx the
lock, dam, and headgate section, for stability and
stress considerations.

(4) Interaction properties of the concrete and
foundation for stability analysis.

(5) In general the as-built imbedment depths of the

concrete monoliths into the foundation material.

(6) Remedial action for the concrete in the lock, dam,
and headgate section.

c. Six-inch cores of the foundation to determine:

(1) Engineering properties of the foundation material

under the lock, dam, and gated spillway for use in
stability and stress analyses and for a determina-

tion of remedial stability measures.

(2) Geological characteristics of the foundation mate-

rial (discontinuities, bedding planes, and their
orientation, weak seams, etc.).

(3) Properties to judge the adequacy of the foundation
for the next 100 years.

23. Because of the deterioration and rock size in the mass con-

crete structure, it was decided to obtain 6-in. cores. Many times,

smaller cores cannot be recovered and even if they are recovered, prop-

erty determinations are at best questionable. As the coring program

progressed, it became apparent that 6-in. coring was essential for

sampling both the concrete and foundation.

24. An overall view giving the core locations in the backfill,

lock, dam, and gated spillway is presented in Figure 18. The core loca-

tions, which are presented, are those that were finally drilled after

reflections and evaluations as the program proceeded. The initial coring

plan was analyzed and updated to reflect information learned from

11



previous cores. A more detailed location of the coring is presented in

Part V.

25. Certain cores were taken through representative lock and dam

monoliths and into the foundation, and others were taken for a depth suf-

ficient to extend below the deteriorated concrete.

26. Due to uniformity of concrete in certain portions of the lock

and dam, certain cores were eliminated and due to nonuniformity of con-

crete in other locations, additional cores were taken.

27. Table 1 gives the purpose of the core obtained from the

various core holes.

28. The final coring plan gives what is considered a minimum but

adequate coverage of the backfill, lock, dam, and gated spillway to

make the evaluation and plans for rehabilitation of Troy Lock and Dam.

29. The petrographic analysis and core logs are presented in

Part IV. The test specimen selection, engineering properties, and test

results are presented in Part V. The analysis of the backfill, concrete,

and foundation properties are presented in Part VI.

Coring Operations

30. Core drilling began on 1 October 1979. Drilling equipment

consisted of two skid-mounted rotary drill rigs (a Toredo Mark Il-Acker

and a Sprague and Henwood, Model 40-CL). Six-inch ID by 7-3/4-in. OD

diamond core bits and 5-ft-long double-tube, swivel-head core barrels

were used to drill the vertical concrete and bedrock cores. An electric-

motor-driven Concore Model 110 rig (6-in. ID by 6-1/2-in. OD single-

tube core barrel) was used to drill the horizontal cores.

31. Typical drilling operations are shown in Figures 19 and 20.

32. The holes in the backfill material were drilled with the

skid-mounted rotary drill rigs. The backfill was mainly of cohesionless

material with the inclusion of large rocks that made it almost impossi-

ble to obtain undisturbed samples for testing. The backfill material was

sampled and the samples preserved.

12



Preparation of Cores to Preserve
In Situ Characteristics

33. After the concrete and foundation cores were drilled, they

were logged, photographed (a complete set of photographs is available at

the NYD office), and then wrapped with plastic and waxed with a lukewarm

mixture of 50:50 microcrystalline and paraffin wax. Examples of the

cores as sampled are given in Figures 21 and 22; a complete set of photo-

graphs was obtained of the cores. The cores were then embedded in saw-

dust inside a core box. The core boxes were stored in a building where

the temperature was kept well above freezing. The above measures were

taken because it is necessary that the cores be prepared and stored such

that their engineering and characteristic properties are preserved as

sampled in the field.

34. The backfill material was sampled and preserved in the same

manner as the concrete and foundation. Only enough undisturbed backfill

material was obtained to get in-place densities. The backfill is very

random including rocks and varying amounts of sand, shale, slate, and

other materials. The large rocks and cohesionless characteristics of

the backfill material made it impossible to obtain representative un-

distrubed samples for testing.

35. After all cores were drilled, logged, and stored, they were

then transported from Troy, N. Y., to the U. S. Army Waterways Experi-

ment Station (WES) in a 40-ft covered van. The 40-ft van was filled

with approximately 30 cu yd of sawdust before leaving WES. The core

boxes were loaded in the van on top of a foot or more of sawdust and

then they were covered with a foot or more of sawdust. The core boxes

were loaded in the morning, and the van was driven back south the same

day to avoid the chance of being caught in freezing weather. The cores

were kept well above freezing while being shipped and were placed in the

controlled environment of the laboratory upon arrival at WES. From all

indications, the care taken with the core was adequate.

13
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Core Logging

36. The cores had been logged in the field but for an independent

evaluation they were logged in the laboratory. The two loggings were

necessary because each environment has its advantages and disadvantages.

The best effort can be obtained by a combination of the advantages and

by an evaluation of the field logs in the laboratory.

37. The field environment allows:

a. Drilling conditions as have affected the core to

be noted.

b. Immediate evaluation of the core in relation to drilling

conditions.

c. Immediate evaluation of a core when characteristic features

are as just sampled.

d. Mapping of all cores immediately after sampling by photo-

graphs to give the opportunity for later study.

e. Immediate evaluation of breaks, core losses, etc., in

relation to drilling operations.

38. The laboratory environment allows:

a. A concentrated analysis by personnel skilled in logging,
deterioration evaluation, and representative specimen

selection.

b. Laying several concrete cores out at the same time for

observation, comparison, logging, and test specimen

selection.

39. During logging, specimen selection, and geological feature

evaluation, the foundation material was kept damp at all times and not

allowed to be exposed to the environment except for short periods of

time.

40. Before logging, to determine how sensitive the foundation

material was to deterioration in the atmosphere and deterioration in

the fog room environment, samples were placed in the air and in the

fog room, and detailed observations were made of the specimens during

the day to check for slacking or any other deterioration effects. The

slaty-shale is very competent to deterioration and showed no detrimental

effects within a day while subjected to either environment. After

14
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several days, some deterioration could be denoted of the specimens

exposed to air. No deterioration of the specimens after several days'

exposure in the fog room environment could be detected.

41. The foundation material was not real sensitive to environ-

mental changes; therefore, it was concluded that only several minutes'

exposure for logging, then wrapping with a damp cloth, and then reseal-

ing the specimens after an hour should be adequate to preserve their

in situ characteristics.

15



PART IV: CORE LOGS AND PETROGRAPHIC REPORT

Samples

42. Fifty-seven cores were taken from concrete at the Troy Lock

and Dam on the Hudson River, N. Y.

43. Thirty-two of the cores were taken from either horizontal or

inclined holes. The remaining 25 cores were taken from vertical holes.

Eight of the vertical cores were drilled through concrete and into

foundation material. The cores are identified in Table 2.

Test Procedure

44. All of the material shipped from the 57 core holes was exam-

ined. The quality and the condition of the concrete and foundation rock

were noted. Representative pieces of concrete that contained visual

evidence of poorer quality concrete or significant reaction products

were taken for more detailed examination.

45. Samples for physical tests of concrete were taken from sound

material. The concrete was considered deteriorated when the concrete

appeared cracked and fragmented. If the core fell into fragments when

struck gently several times with a hammer it was considered deteriorated.

46. Samples of foundation rock for physical property determina-

tions were taken from near the top of the rock contact with the concrete,

from the middle of the rock portion of the core, and near the lower end

of the rock.

47. Detailed examination of the rock included examination of

samples of rock from each core that contained foundation rock by X-ray

diffraction and with a stereomicroscope. Samples from the top, middle,

and bottom of the rock in core RW-37 were also examined by X-ray dif-

fraction to determine the ranges in composition.

48. Cement paste concentrates were prepared and examined by X-ray

diffraction. These were obtained from samples judged to represent

deteriorated and nondeteriorated concrete. The paste was concentrated

16
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by gentle crushing of concrete and passing the fragments over a 150-m

(No. 100) sieve. The material finer than the sieve is then ground

before examination. Samples of the white reaction product found in some

voids and lining open fractures in the concrete were examined using a

stereomicroscope, by X-ray diffraction, and as powder immersion mounts

using a polarizing microscope.

49. All X-ray patterns were made with an X-ray diffractometer

using nickel-filtered copper radiation.

Results

50. Original concrete representing the concrete used in construc-

ting the lock was easily distinguished from later concrete used in

overlay repair work. The features that were used to make this distinc-

tion will be reported later. The coarse aggregate in the original

concrete was a natural river gravel of mixed composition, consisting

of silica-bonded sandstone, vein quartz, graywacke, siltstone, gneiss,

and miscellaneous fine-grained, dark rock particles. Impurities

included pieces of coal and wood.

Vertical cores, land wall

51. The general physical condition of the six concrete cores

(LS-1, LW-i, LW-4, LW-5, LW-18, LW-22) from the top of the land wall are

shown in Figure 23. Three of the six cores in this group were from an

area that had been resurfaced with air-entrained concrete. The overlay

concrete was made using a 3/4-in.-max size crushed igneous rock,

probably dacite, as coarse aggregate. In all cases the old concrete

directly below the overlay was damaged due to frost action.

52. The concrete from cores LW-18 and LW-22 did not show damage

other than a vertical crack to a depth of 0.4 ft in LW-18. One of the

other four cores in this group contained deteriorated concrete to a depth

greater than 5 ft (LS-I). The other three cores (LW-i, -4, and -5) which

contained the concrete overlay showed damage from 0.7 to 3 ft deep.

Horizontal cores,
vertical face of land wall

53. Of the six higher elevation cores (Figure 24), three (LS-2,
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LW-17, and LS-21) did not reveal any deterioration. Two of these cores

(LW-17 and LS-21) were old concrete while core LS-2 consisted entirely of

overlay concrete. Core LW-3 in this group contained deteriorated con-

crete to a depth greater than 2.6 ft. The other two cores (LW-7 and

-9) contained deteriorated concrete to a depth less than 1.0 ft. Core

LW-3 contained a longitudinal crack at the bottom of the core with no

surface trace of the crack. Stress causing this crack was normal to the

stresses generated by freezing and thawing. Figure 25 illustrates the

deterioration of the concrete in the upper land wall gate monolith

(monolith 3).

54. All of the four horizontal concrete cores (LW-8, -10, -16,

and -20) in the lower portion of the land wall were in good condition.

The surface of the concrete appeared to be slightly roughened resulting

in coarse aggregate standing in relief as illustrated in Figure 26.

The removal of the surface aggregate particles may be the result of

either physical weathering or chemical solution, or both.

Vertical cores,river wall

55. The six river wall cores (Figure 27) were identified as RW-CON,

RW-27TS, RW-37, RW-55, RW-60TS, and RW-65TS. Cores RW-CON, RW-27TS, and

RW-37 were topped with a concrete overlay. RW-CON was the only one of

the three that did not show deterioration below the overlay. Core

RW-27TS, aside from its intact overlay, showed damage for its depth of

3.0 ft while core RW-37 showed about 1 ft of damage beneath its intact

overlay. The type of damage is shown in Figure 28 and is believed to be

due to frost action.

56. Core RW-37 also contained some white alkali-silica reaction

gel in fractures at various depths. The gel was associated with silica

bonded sandstone. Most of the white secondary reaction product coating

these cracks was ettringite.

57. Most of core RW-27TS was recovered as rubble.

58. The other three cores in this group (RW-55, RW-60TS, RW-65TS)

did not contain an overlay. RW-55 contained a shallow longitudinal

crack at the top surface which may have been due to drying shrinkage.

While inspection of this core did not indicate significant damage to
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the concrete, examination of Figures 29 and 30 shows cracking. These

pictures show adjacent pieces of RW-55 at about 12 in. down from the top

concrete surface. The sawed and ground surfaces were impregnated with

epoxy resin containing a fluorescent dye. The use of ultraviolet light

as illustrated in the photographs revealed fine cracking for the full

depth shown. In addition to providing additional information about

cracking in the concrete this technique suggests that there is probably

some frost damage cracking in all of the old concrete.

59. The concrete in cores RW-6OTS and RW-65TS was deteriorated to

depths of 1 ft and 2.7 ft, respectively. The deterioration of this con-

crete is assumed to have been caused by frost action.

Horizontal cores,

land face of river wall

60. A total of 11 cores (Figure 31) came from the face of the

river wall. Six of the cores were from higher elevations of 14 to 21 ft

(RW-27, RW-34, RW-35UP, RW-37UP, RW-44UP, and RW-50UP). Two of those

cores were drilled completely through the wall (RW-27 and RW-5OUP), and

the river wall side of these will be described later. Cores RW-27 and

RW-44UP were the only two from the group that did not show deteriorated

concrete; RW-27 did contain a longitudinal crack from its surface to a

depth of I ft, which may have been due to drying shrinkage. The other

four cores from the upper elevation show different depths of deteriora-

tion with a maximum of 4 ft for core RW-5OUP. Cores RW-27, RW-34, and

RW-35UP had white alkali-silica reaction gel coating some of the

cracked surfaces.

61. The other five cores were from lower elevations of 3 to 6 ft

(RW-37LP, RW-44LP, RW-50LSL, RW-60LS, and RW-65LS). Core RW-5OLSL was

in the worst condition with about I ft of damaged concrete. This ap-

peared to be air-entrained. The other four cores contained less than

0.4 ft of damaged outer surface concrete. White alkali-silica gel was

present along cracks in cores RW-37LP, RW-44LP, and RW-5OLSL.

Horizontal and inclined
cores, river face of river wall

62. Figure 32 illustrates the condition of the four concrete cores
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from two elevations in this wall (RW-27, RW-45, RW-50UP, and RW-62RS)

with cores RW-27 and RW-5OUP being the longer cores mentioned earlier.

Depths of deteriorated concrete ranged from 0.8 ft for cores RW-27 and

RW-45, 3 ft for core RW-62RS, to 6.8 ft for core RW-5OUP. The deterio-

ration of the first 4 ft of concrete in core RW-50UP was apparently

caused by frost damage. The remainder of the damage was believed to be

due to a combination of frost damage and alkali-silica reaction. The

criterion used for this distinction was that frost damage tends to

develop cracking parallel or sub-parallel to the exposed surface whereas

the chemical reaction does not tend to develop this oriented cracking

pattern. Inspection of this long core in Figure 32 shows that only

about 2 ft of its interior was classed as intact. Cores RW-45 and

RW-62RS were inclined 60 deg.

Vertical cores, top of dam

63. Ten cores (Figure 33) were taken from this general location

(D-6, D-10, D-12, D-14, D-16, D-33, D-42, D-52, and D-59). Two of them

went through the concrete and into the foundation rock (D-14, D-33).

Core D-6 was the only one that showed significant deterioration of the

subsurface concrete; this was 1.2 ft. All of the surface concrete had

exposed coarse aggregate.

Vertical and inclined cores, toe
of dam and headgate tunnel entrance

64. Six cores were taken from the toe of the dam (DA-l, DF-4, DF-

8, DF-14, DF-27, and DA-48) and one from the east side of the monolith

at the end of the dam on the powerhouse side of the river (HG-I) (Fig-

ure 34). Cores DF-4, -8, -14, and -27 were drilled at an angle of 30 deg.

Core DA-l extended into the foundation rock. All of the surface concrete

showed etching of the paste; otherwise, the concrete was essentially

undamaged except that core DA-48 showed some vertical cracking near its

bottom. Some alkali-silica reaction gel was present in DF-14, and core

DA-48 appeared to be air-entrained.

Horizontal and vertical
cores, dam spillway piers

65. Five cores were taken from the headgate section of the dam
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(Figure 35). Four of the cores were horizontal cores drilled into the

piers (DSPL-1, -2, -3, and -4) and one was a vertical core drilled into

the pier next to the ice chute (HG-2). All of the cores had some de-

terioration except for core DSPL-2. The depths of deterioration ranged

from 0.6 ft (DSPL-1) to 3.7 ft (HG-2). Deterioration of the concrete

was also observed in core HG-2 between depth 6.2 ft and 7.4 ft, below an

old mortar-filled 6-in.-diam horizontal boring. A white reaction product

coated most crack surfaces. Most of this coating was ettringite.

66. White alkali-silica gel was either layered or not in layers.

The indices of refraction of some of the gel were below 1.488 while some

were higher than this. The association of reaction product gel and

reactive particles was difficult to establish. The white gel usually

covered a crack surface and coated numerous particles. Silica-bonded

sandstone and dark, fine-grained rock particles tended to be more often

cracked and coated with gel than other particles, so they may be the

reactive aggregates.

Foundation rock

67. The general condition of the foundation rock in seven cores

is shown in Figure 36 (LW-I, LW-22, RW-37, RW-55, D-14, D-33, and HG-2).

Cores RW-37 and HG-2 were the only cores in which some of the rock in

the upper 5 ft was fragmented.

68. Fracture near the contact of concrete and foundation rock was

always in the rock. Some foundation rock was embedded in the concrete

as shown in Figure 37.

69. The foundation rock was a slaty-shale composed primarily of

chlorite, vermiculite, clay-mica, quartz, plagioclase feldspars, and

dolomite. Some calcite, pyrite, and potassium feldspar were present in

some of the samples that were examined. The composition of the rock

samples was homogeneous within the cores and between the cores. No soft

clay seams were observed.

70. Most of the fractures in the rock were along bedding planes

as shown in Figures 38 and 39. The bedding dipped between 30 deg and

90 deg, but more commonly the beds dipped about 40 deg. Some of the beds
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are deformed as shown in Figure 39. Many breaks were along slicksided,

smooth, shiny bedding planes.

71. Some of the rock had a well developed closely spaced joint

system perpendicular to the bedding plane. This joint pattern seemed

to be isolated and was not continuous either vertically or horizontally.

Discussion

72. Since the structure was built before air-entrainment of con-

crete was required, it would be anticipated that cracking due to frost

damage would be present. Such cracking and associated deterioration of

the concrete was present and has been described for the cores by areas

(Figures 23, 24, 27, and 31 through 35). An attempt was made to make a

visual determination in each case of the amount of deteriorated concrete

that was present. In addition, it was shown by the use of fluorescent

dye and ultraviolet light on part of one core that some cracking damage

was present even though the cracking was not readily detectable. There-

fore, it seems probable that this would also be true for the other cores

that did not show damaged concrete as defined in this report.

73. Examination of the groups of cores from the land wall, from

the river wall, and from various parts of the dam indicated that about

half of the 57 cores showed significant damage and deterioration of the

concrete. This damage was usually confined to the upper foot of core,

but in some cases ranged up to several feet. These depths of deterio-

rated concrete are shown in Figures 23, 24, 27, and 31 through 35. In

several cases there appears to have been frost damage to the original

concrete after it was covered with air-entrained concrete.

74. The surfaces of some cores were roughened by the erosion of

mortar between coarse aggregate particles. This is regarded as the

result of physical or chemical action, or a combination of the two. The

damage is not significant.

75. Alkali-silica reaction was indicated by the presence of

white gel coating some crack surfaces. It was not clear in many cases

whether significant deterioration was caused by this reaction. The
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presence of this reaction associated with interior longitudinal cracking

in core RW-50UP indicated that the cracking was probably due to the

reaction. There is thus some evidence that alkali-silica reaction has

played a part in damaging the concrete in this structure. There was

abundant ettringite coating most crack surfaces. No evidence of damaging

sulfate attack was found.

76. Aside from damage due to frost action and possibly to alkali-

silica reaction the concrete was generally uniform, well consolidated,

and appeared to be in good condition.

77. The contact of concrete and foundation rock appeared to be

tight and uniformly good as judged by the contacts that were seen. The

foundation rock itself was a uniform, black slaty shale whose bedding

was generally dipping about 40 deg.

78. No soft clay seams were found in any of the rock that was

examined.
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PART V: TEST SPECIMENS, ENGINEERING PROPERTIES,

AND TEST RESULTS

Test Specimen Selection and Preparation

79. The selection of test specimens was first planned from the

background knowledge of the structure and the coring. The concrete core

from several core holes was laid out in the laboratory for an overall

view and a comparative analysis. At this time the concrete core test

specimens were selected. The foundation core was analyzed separately

because it was kept unexposed to the atmosphere (except for short

periods of time), kept damp, and then resealed.

80. Test specimen locations from the core which were drilled

through the concrete and into the foundation are presented in Figure 40.

Figure 40 presents all the test specimens from the deep holes except

those which were selected for shear testing. To give a more detailed

understanding of the locations of the core, the depth of deteriorated

concrete, and the compressive strength in the approximately 3-ft-deep

holes, Figures 18 and 41 through 45 are presented. The general loca-

tions of the cores are given in Figure 18. More detailed locations of

the core for the land wall, river wall, and dam are given in Figures 41,

42, and 43, respectively. The depth of deteriorated concrete and the

compressive strength below the deteriorated concrete are given next to

the core hole number for the 3-ft-deep holes. Detailed locations of the

core holes on the dam monoliths are given in Figures 44 and 45. De-

tailed locations of the core holes in the backfill are presented in Fig-

ures 46, 47, and 48.

81. Representative specimens in relation to structure and depth

below the concrete surface were selected to give an overall view of the

material properties of both the concrete and foundation. Test specimens

from the approximately 3-ft core were selected just below the deterio-

rated concrete and were tested for unconfined compressive strength.

82. After the test specimens were selected:

a. The concrete core specimens were left unwrapped and kept
in the fog room. They were soaked 40 hr before testing.
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b. The foundation core specimens were sealed and kept in the
fog room. They were kept and tested in their in situ
condition.

83. The test specimens were then cut to orientation, size, and

geometry for testing. For the compression, triaxial compression, and

tension test, the specimens were cut with a diamond-blade saw and the

cut surfaces were ground flat to 0.001 in.; specimens were checked for

parallel ends and the perpendicularity of ends to the axis of the speci-

men. Electrical resistance strain-gages were used for strain measure-

ments. Two each were employed in the axial (vertical) and horizontal

(circumferential) directions. The modulus of elasticity, Poisson's

ratio, and shear modulus were computed from the strain measurements.

Axial specimen load was applied with a 440,000-lb capacity Universal

testing machine. An example of a concrete core specimen being prepared

for testing is given in Figure 49. An example of a foundation core

specimen which has been tested is presented in Figure 50.

84. The shear specimens were prepared according to the testing

and properties which were to be obtained:

a. Sliding friction shear tests - ConcreLe and foundation
specimens were obtained as close to the concrete-
foundation interface as possible. Horizontal planes on
each were cut and ground flat. They were then tested in
a direct shear apparatus under 2-, 4-, and 8-tsf confin-
ing pressure. This gave lower bound 0 and c values
for the analysis of sliding at the interface. No intact
interface specimens could be obtained for testing. This
was not due to poor contact at the interface; in fact,
usually some shale was broken off and remained in the
concrete at the interface (Figure 37, Part IV). Because
of the difference in material properties, the drilling
operation could not keep the two materials from breaking
apart at the interface. An example of a specimen cut and
prepared for testing is given in Figure 51.

b. Shear along bedding planes - The specimens were cut per-
pendicular to the bedding planes and prepared for testing.
They were tested with 2-, 4-, and 8-tsf confining pres-
sure. An example of this prepared specimen is presented
in Figure 52.

c. Horizontal shear - Vertical core specimens were cut,
ground flat, and sheared perpendicular to the axis of
the core.
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85. After the specimens were prepared for testing, the concrete

specimens were placed in the fog room. The foundation specimens were

coated with Protexo-Cote to seal them from atmospheric deterioration and

also placed back in the fog room.

Concrete, Foundation, and Backfill Properties

Concrete and
foundation properties

86. The engineering properties obtained and the standard tests

used for testing both the concrete and foundation are as follows:

Property Test Method

Triaxial strength RTM* 202 (ASTM D 2664)**

Direct shear strength RTM 203

Elastic moduli, E RTM 201 (ASTM D 3148)

Poisson's ratio, p ASTM D 3148-72

Shear modulus ASTM D 3148-72

* Proposed rock test method, Corps of Engineers, in

review prior to publication.
** See appropriate, ASTM 1979 Book of ASTM Standards.

These properties should be obtained in order that sufficient data are

available for any necessary stability or stress analysis which is

presently required or for requirements which may develop as the analysis

and rehabilitation progress. The index properties obtained for both

concrete and foundation and the appropriate test methods used are as

tabulated below:

Property Method

Compressive strength, UC RTM 111 (ASTM D 2938) (CRD-C 150)*

Direct tensile strength, T RTM 112 (ASTM D 2936)
s

Tensile splitting strength, Td
Compressional wave velocity, V RTM 110 (ASTM D 2845) (CRD-C 151)

p

(Continued)

* U. S. Army Engineer Waterways Experiment Station, CE, Handbook for
Concrete and Cement, Aug 1949 (with quarterly supplements), Vicks-
burg, Miss.
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Property Method

Effective unit weight
(as received), ym RTM 109

Dry unit weight, yd RTM 109

Water content, w RTM 106

87. The structure-foundation interaction must be considered;

therefore, the following properties and characteristics were obtained.

a. Sliding friction and cohesion between concrete and
foundation.

b. Shear strength properties in relation to geological
characteristics of the foundation.

(1) Shear strength along bedding planes.

(2) Horizontal and cross-bed shear strength.

88. The material properties of the test specimens from the deep

holes are given beside the location of the test specimens in Figure 40.

The type of test performed on each specimen is indicated to the left of

the specimen location in Figure 40. The location of the cores which

were drilled below the deteriorated concrete and their compressive

strengths are given in Figures 41, 42, and 43. As can be seen from these

figures, the testing program will give representative properties for any

stability or stress analysis. The test data for not only the deep core

but also the approximately 3-ft-long core are presented in Table 3. The

test data for the shear friction, shear-along bedding planes, and hori-

zontal or cross-bed shear are given in Tables 4, 5, and 6, respectively.

89. The Mohr circles for the triaxial tests on the foundation

material are presented in Figures 53 and 54.

90. The unconfined compressive stress-strain curves for concrete

tests are presented in Figures 55, 56, 57, and 58. The unconfined com-

pressive stress-strain curves for the foundation material are presented

in Figures 59 and 60. The stress-strain curves for the direct tension

tests are presented in Figures 61 and 62 for the concrete and slaty-shale

material, respectively. The deviator stress versus strain for the tri-

axial test of foundation material is presented in Figures 63 and 64.

91. The test setup for pullout resistance is sketched in Figure 65.

Nine specimens were prepared obtaining representative samples of
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foundation material of various predominant bedding plane angles.

92. The specimens were prepared as follows:

a. A 6-in.-diam by 3.1-in.-long core (allowing

-45 deg failure cone in the foundation material) was
placed upright in the center of a 1-ft square mold.

b. A concrete mixture having the average compressive strength
of the slaty-shale foundation was placed into the mold
embedding the core to its full height.

c. The concrete acted as a resistance block allowing the
rebar to be pulled.

d. After the concrete had cured and attained the desired
strength, a 1-in.-diam hole was drilled in the
center of the foundation core.

e. A No. 4 rebar was grouted the full depth of the core

using a commercially available premix grout for anchoring
bolts and dowels. (Prepared specimens are shown in
Figure 66.)

93. After the grout had cured sufficiently the bars were pulled

using the setup depicted in Figure 65. A specimen after being tested is

shown in Figure 67.

94. From careful observations of the foundation core, it was

found that even though there was a predominant bedding plane angle the

orientation of the planes changed a great deal within a single specimen.

The predominant bedding planes dip downstream, which causes posttension-

ing in an upstream or transverse direction to the river to have rela-

tively large angles with the bedding planes. For example, a 60-deg

bedding plane with a 45-deg posttensioning upstream would result in a

75-deg angle between the posttensioning and the bedding plane. Trans-

verse posttensioning is not as straightforward in its embedment but due

to the random orientation of bedding planes and the three-dimensional

shear environment producing stress fields radially across bedding planes,

the pullout tests give allowable resistances which are applicable.

95. As seen from Table 7 the pullout strength decreases as the

angle of embedment steepens. The mode of specimen failure is given in

Table 8. Using a pullout resistance of 18,000 lb/ft and a safety factor

of 2, an allowable of 9000 lb/ft is obtained for the specimens tested.

The pullout resistance of the slaty-shale foundation material is
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9000 lb/ft 9000 lb/ft
Area between grout 37.68 sq in.

and foundation

96. The backfill was mainly of cohesionless material with the in-

clusion of large rocks which made it impossible to obtain undisturbed

samples for testing. The backfill material was sampled and only enough

undisturbed material was recovered to obtain various densities of the

random backfill material. The dry unit weight of the backfill material
3varied from 100 to 122 lb/ft . The greater unit weights had rocks in

the sample. An average dry unit weight of 115 lb/ft 3 was used in the
3analysis. The saturated unit weights varied from 115 to 144 lb/ft

3 3Most values were between 140 and 144 lb/ft3 . A value of 144 lb/ft was

used in the stability analysis to be conservative.
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PART VI: CONCRETE INTEGRITY, FOUNDATION INTEGRITY, AND

MATERIAL PROPERTIES TO USE IN ANALYSIS

Concrete Integrity

Introduction

97. In general, the nondeteriorated concrete is uniform in

quality, but certain distinct areas of lock, dam, and headgate section

comparatively have more deteriorated concrete. The cores were used to

locate and quantify the strength and deterioration in various areas.

The compressive strengths are presented with depths for the cores which

extended through the entire monolith in Figure 40. The unconfined com-

pressive strengths for the core tests below the deteriorated concrete

are presented in Figures 41, 42, and 43. The listing of material prop-

erties, except shear strengths, is given in Table 3. The shear strength

data are given in Tables 4, 5, and 6.

98. Four specimens (31, 51, 53, and 63) were selected within

depths of concrete which were later considered deteriorated. Specimen

31 (2910 psi), 51 (4000 psi), 53 (3190 psi) and 63 (5850 psi) had com-

pressive strengths from below to above the average value and, therefore,

had little effect on the average compressive strength. The compressive

strengths of the interior nondeteriorated concrete, in general, varies

from 4000 to 5000 psi and are very adequate for the gravity structure.

When the compressive strengths of the above four specimens are eliminated,

there is no trend of concrete strength variation with depth or for various

sections of the lock and dam. With the above four specimens eliminated,

the average compressive strength of the concrete just below that which

is deteriorated for the lock and dam is approximately 4400 psi.

99. For the concrete core which was drilled through the concrete

monoliths, the compressive strengths do not vary significantly with

depth; therefore, if the deteriorated surface concrete is removed, a

consistent durable concrete interior is left for effective rehabilita-

tion. In Troy Lock and Dam, where frost action is the major cause of

deterioration, the modulus of elasticity and Poisson's ratio are probably
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better indications of deterioration than compressive strengths and can

be seen (Table 3) to indicate deterioration at the surface in core LW-22

and especially in core HG-2. The concrete properties which were used

in the analysis are presented in Table 9.

100. The tensile strength of the concrete is low and is less than

10 percent (6 percent) of the unconfined compressive strength. This is

mainly because of the large aggregate in the cores and because of a devel-

opment of poor bond between aggregate and matrix because of a white re-

action product (alkali-silica reaction and ettringite). An example of a

specimen failed in direct tension is presented in Figure 68. The aver-

age tensile strength is 247 psi and the average compressive strength is

4400 psi. This indicates that pullout tests should be performed in

the field for dowels used to securely anchor overlays to be sure of a

depth which will develop the strength of the reinforcement.

101. For the comparative results some tensile-splitting tests

were performed as well as direct tension tests. The average value for

the direct tension tests was 198 psi and for the tensile-splitting test

was 295 psi. The tensile strength of the nondeteriorated concrete is

adequate for the gravity structure and is expected to remain adequate.

102. Frost damage is the main deteriorating effect on the lock,

dam, and gated spillway. If the headgate monoliths on the power house

side of the river are made structurally sound and durable they should

be in excellent condition for future service.

103. The sliding friction of precut concrete on shale gives lower

bound values of 0 and c . Since the actual sliding friction value

cannot be obtained these values should be used in the stability analysis

because they are on the conservative side. The values are given in

Table 4. From this table the values to use in this analysis are

0 30 deg - 24 min

and c = 0.04 ksf

These values are probably very close to residual values and are, there-

fore, adequate for analysis purposes.
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104. The 0 and c of the foundation material as obtained from

triaxial tests range as follows:

0 between 42 and 50 deg

c between 10 and 230 psi

From shear tests along the bedding plane, 0 is approximately 59 deg at

ultimate, and c is approximately 9.4 ksf. The intact specimens of

foundation tested in direct shear had a 0 of approximately 63 deg and

a c of approximately 27 ksf. The 0 and c along the bedding planes

under normal load have competent values. The bedding planes are steep

and, therefore, do not pose a threat to stability. There were no seams

of weak material within the foundation.

105. The sonic velocities as obtained in the field are presented

in Pace (1978). They are in very good agreement with those obtained from

the core in the laboratory. They correlate with compressive strengths

between 4000 and 5000 psi. No ultrasonic data were obtained for the mono-

liths upstream of the upper gate on the landside or for the headgate

section where some badly deteriorated concrete was found to exist by

the coring program. The ultrasonic results are somewhat lower than

normal through the top of monoliths R-46 through R-50 which indicates

that the concrete in this area is of lower quality and is in azeement

with the extreme deterioration of 6.8-ft found on the riverside of

monolith R-50.

Deteriorated concrete

106. Land wall. Certain portions of the lock, dam, and gated

spillway have greater depths of deteriorated concrete than others. The

deterioration of the upstream land wall monoliths (L-I, L-2, and L-3) is

1 ft for the top surface and 3 ft or greater for the riverside surface.

Core LS-1 was 3 ft from the river face of L-1 and, therefore, the 5-ft

deterioration depth was probably reflecting a 3-ft depth from the river

face. The concrete in the upper gate monolith L-3 must retain its

integrity at the location of the gate anchors or problems will begin

to occur with the operation of the upper gate. In the area of core

hole LW-3, it was not possible to get intact concrete. The depths of
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deteriorated concrete decrease with an increase in distance downstream

of the upper gate monolith. The probable depths of deteriorated concrete

are presented in Table 10.

107. Water and backfill material are coming through the landside

culvert wall of monolith L-5 (Figure 69) which indicates that some por-

tion of the concrete in this culvert wall is not of sufficient quality

and must be evaluated and replaced as the rehabilitation progresses.

108. The construction joints and the few cracks which exist in

the land wall monoliths are not a problem and need not be repaired

(Figures 70 and 71). A core (LW-i) was taken next to a construction

joint and it was found that the interior concrete at the joint was

as sound as the interior concrete away from the construction joint.

The replacement of the deteriorated concrete surfaces and the preparing

of good construction joints in the overlay should be sufficient. There

is some problem with pieces of surface concrete coming loose and posing

a potential hazard by the possibility of falling on people passing

through the lock; the surface concrete rehabilitation will eliminate

this problem.

109. The deterioration at the filling and emptying culverts and

along the base of the monoliths (Figure 9) will be eliminated by surface

concrete rehabilitation and reaction block construction at the base of

the monoliths.

110. River wall. The same general condition exists for the river

wall monoliths in that there are greater depths of deteriorated concrete

in the upstream portion of the wall. There is one difference in that

the exposure of the river face of the wall has caused deterioration to

range from about 1 ft to over 6 ft. The probable depths of deteriorated

concrete are given in Table 10.

111. The construction joints (except as noted below), deteriorated

concrete at the monolith base inside lock chamber, and cracking should

be treated the same as for the land wall.

112. There is one construction joint in the river face of the

river wall (Figure 12) which is leaking and should be filled with a

nonshrink mortar.
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113. Dam. The exterior surface of the dam has very little dete-

riorated surface concrete. What deterioration has occurred has been

eroded away. The rehabilitation of the surface by cleaning, preparing,

and patching holes with nonshrink concrete, reinforcing, and placing a

durable 3-in. reinforced overlay over the surface will be adequate.

114. Headgate section. The concrete in the gated spillway of the

headgate section is cracked and badly deteriorated. These sections are

not of sufficient thickness to have deteriorated concrete removed and

replaced. The sections of the total headgate starting at the end of the

dam should be removed to an elevation where the concrete is not deterio-

rated and should be replaced using doweled connections between the old

and new concrete. These replaced sections should be adequately rein-

forced. Replacing the upper portion of these sections will give a re-

habilitation of sound engineering background.

115. All compressive strengths of nondeteriorated concrete are

more than adequate for the gravity structure and will serve adequately

as a basis for an effective rehabilitation.

116. It is recommended that control blasting be used to remove

1-ft deteriorated concrete from the chamber faces of the land and river

walls except for areas below the tops of filling and emptying culverts.

Where the concrete thickness is 5 ft or less, a chipper must be used.

Blasting cannot be used in locations where water can act as a confining

pressure because the water will cause coupling of energy into the concrete

monolith and cause damage to the nondeteriorated concrete. If any iso-

lated area of deterioration remains, it can be removed by a chisel point

chipper. (For more details see Part VIII.) It is not necessary to re-

move the total depth of deteriorated concrete from the horizontal

surface of the land and river walls. A 1-ft-deep removal of concrete

and a reinforced overlay will be adequate (see Part VIII for more de-

tails). For the remainder of the lock, the deteriorated depth of con-

crete is variable (Figures 41 and 42) and it is suggested that the con-

tract allow this removal to be bid on a per-cubic-yard basis.

117. The dam has almost no deteriorated concrete; therefore, the

surface can be cleaned with some removal of concrete and an erosion
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resistant overlay applied. Some of the dam surface has been eroded

away; therefore, a 3-in. overlay will not raise the pool higher than

that which existed originally.

Foundation Integrity

118. There is very little information concerning the foundation

material below Troy Lock and Dam. The borings taken before the lock and

dam was constructed were through the overburden material and only down

to the slaty-shale foundation. Previously determined properties of the

foundation material could not be found. The foundation cores were

evaluated as the coring program progressed and a minimum number of cores

were obtained because of the uniformity of the foundation material. The

bedding planes and their orientation is not a problem. Adequate proper-

ties for evaluation were obtained during the present coring programs. The

unconfined compressive strength of the foundation material is very low and

is very consistent with depth. An average unconfined strength is 902 psi,

with a standard deviation of 482. A lower bound would be about 900 psi

because with a confinement pressure of 100 psi its compressive strength

is a little greater than 2000 psi. The tensile strength of the founda-

tion material is very low. The average value is 43 psi.

119. The tensile strength of the foundation material is almost

negligible from the 6- by 12-in. core tests and will be somewhat

higher in its three-dimensional in situ condition; but, it will still

be low and any posttensioning should be tested in the field for adequacy.

Part VII determines that the bearing stresses and foundation properties

are adequate.
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PART VII: STABILITY ANALYSIS

Introduction

120. Even though structures have been in service for long periods

of time, it is important that they be examined in view of present-day

criteria and in relation to any deterioration experienced to assure con-

tinued structural adequacy. If the design or the deterioration makes the

structures fail to satisfy current criteria, thereby producing unsafe or

doubtful conditions of safety, the structure must be modified to conform

to good engineering practice.

121. One of the main considerations for structural adequacy of a

dam is stability of the various monoliths when subjected to possible

loading conditions. The stability study involves analyzing selected

monoliths to determine if they have adequate resistance against over-

turning, sliding, and base pressures. Only one monolith of each con-

figuration and loading was analyzed; the conclusions based on these

analyses are adequate for an evaluation of all monoliths.

122. In general, the stability study was done in accordance with

the applicable portions of the following Engineer Manuals and Engineer

Technical Letters.

a. EM 1110-2-2502, Retaining Walls.

b. EM 1110-2-2602, Planning and Design of Navigation Lock
Walls and Appurtenances.

c. EM 1110-2-2607, Navigation Dam Masonry.

d. ETL 1110-2-22, Design of Navigation Lock Gravity Walls.

e. ETL 1110-2-184, Gravity Dam Design Stability.

123. The adequacy of the structure to resist overturning can be

judged by the location of the resultant with respect to the base of the

section where stability is being considered, within the monolith, or at

the base-foundation interface. In general, the gravity monoliths where

stability against overturning is being considered are required to have

the resultant of applied loads fall within the kern of the base of the

section being analyzed when subjected to active earth pressures or for
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monoliths not subjected to earth pressures. Resistance to overturning

was considered adequate if the resultant fell outside the kern but

75 percent of the base was still in compression for normal operation,

extreme maintenance or maximum flood case loadings using "at-rest" earth

pressure coefficients. For operating conditions with earthquake, the

resultant only has to fall within the base, but the allowable foundation

stresses should not be exceeded.

124. The percent effective base (percent of the base which is in

compression) is a good way to present where the resultant falls in a

rectangular base section. It is a good guide for representing overturn-

ing resistance for any shape base. For example, for a rectangular base:

Percent
Effective Base Resultant Location Within Base

100 Within middle 1/3 or in kern area
75 At 1/4 points of base
50 At 1/6 points of base

125. Sliding resistance of a monolith is calculated by choosing a

trial failure plane or combination of planes and calculating the resis-

tance along this path. The critical section for sliding must be deter-

mined. It may be within the monolith, at the base-foundation interface,

or at a plane or combination of planes below the base.

126. The resistance may be composed of several types. The sliding

resistance due to friction and cohesion for horizontal surfaces between

the monolith and its foundation is calculated by the shear-friction for-

mula given in ETL 1110-2-184. The safety factor is obtained by dividing

the horizontal resistance by the horizontal driving force. These formulas

are inadequate for evaluating structural sliding on inclined planes. For

inclined planes the safety factor is obtained by dividing the resistance

along the plane by the driving force along the plane with any passive

resistance taken into consideration to obtain the sliding safety factor.

The sliding resistance due to all or any part of the failure plane ex-

tending through either the concrete monolith or the foundation is calcu-

lated from the shearing strength of the material acting over the length

in which shearing occurs. If other restraints, such as strut action,

exist, they must also be considered in the evaluation. An allowable
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safety factor against sliding for the normal operation case is considered

to be 2. For normal operation with earthquake, the safety factor should

be equal to or greater than 1-1/3. Existing criteria (ETL 1110-2-184)

require a safety factor of 4 for sliding in all cases except normal op-

eration plus earthquake and construction conditions. For these case

loadings the safety factor for sliding was reduced from 4 to 2. The

safety factor for the normal operation plus earthquake condition was re-

duced from 2-2/3 to 1-1/3. Since the monoliths have not shown signs of

instability during 65 years of service, it is felt that this reduction

is satisfactory but that the safety factors of 2 and 1-1/3 are necessary

for the assurance of safety under any unusual loading conditions.

127. The base pressures are the sum of the contact and uplift

pressures on the concrete-foundation interface.

128. The allowable base pressures are goverened by the slaty-

shale foundation. For this foundation, the conventional base pressure

calculation should be within allowables because the foundation is rela-

tively weak in bearing. The average unconfined compressive strength is

approximately 900 psi. Using a safety factor of 4, the allowable bearing

pressure is 225 psi or approximately 33 ksf. The safety factor of 4 is

considered necessary for this weak, closely spaced bedding plane founda-

tion. The triaxial test data show that there is a significant increase

in foundation strength with increases in confining pressure (100, 200,

400, 500, 1000, and 1500 psi). The actual pressure created by a 40-ft

height of concrete is 41.7 psi or 3 tsf. From an examination of the

triaxial data and a consideration of the 41.7-psi actual pressure, it is

still concluded that the allowable from the unconfined compressive

strengths is the value which should be used in the bearing pressure

evaluation.

Applied Loads

129. The lock and dam monoliths were investigated for three case

loadings unless it was apparent that certain cases were not critical.

The three case loadings are:
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a. Normal operating condition:

(1) Upper guide, land wall, and lower guide wall mono-

liths: The most critical loadings of upper pool,
lower pool, and saturation level in backfill were
considered. Also, dead load, uplift, tow impact,
hawser pull, wind, and gate loads were used when
applicable.

(2) River wall monoliths: Normal lower and upper pools,

uplift, impact, hawser pull, wind, and gate loads
as applicable were considered in this case.

(3) For the dam, the most critical monoliths were ana-
lyzed. Normal operation plus accidental boat im-
pact was also considered for the dam monoliths.
A picture showing an actual case of accidental boat

impact at Troy Dam is given in Figure 72.

b. Maintenance or dewatered condition: Backfill, gate,
dead loads, and uplift were considered. The saturation
levels in the backfill were considered as presented in
Table 11. Impact, hawser pull, and wind loads were
applied according to the situation.

C. Flood condition: Monoliths were checked for stability
during maximum flood conditions. A picture of the lock
during a flood is given in Figure 73.

130. The standard procedure was to analyze two-dimensional sec-

tions of unit depth except for a three-dimensional analysis of monoliths

of nonuniform geometry and/or loading. All sections were viewed from

upstream looking downstream. Forces acting toward the left, downward,

and counterclockwise moments are considered positive.

131. The random backfill was mainly noncohesive, which made obtain-

ing an intact sample virtually impossible. Tests on a remolded sample

for "at-rest" pressure coefficients would not be reliable. This is

partially true because of large pieces of rock in the fill, the effect

of which would be hard to determine in any reasonable size test sample.

The only way to get experimental values would be to make a number of

tests at the lock and dam site, testing the actual backfill material in

situ. The scope of this work in time and/or funding was such that

this type of testing was impossible. On this basis, it was decided to

estimate a lower bound value as follows. This lower bound was obtained

by considering the value for sand from dense to loosely compacted as
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0.45 to 0.55; for silt, 0.6; and for clay, from 0.7 to 1.0. The backfill

behind Troy land wall monoliths contains some clay. It is reasonable,

therefore, to use a lower bound but reasonable "at-rest" earth coef-

ficient of 0.5.

132. Boat impact loads were applied on the basis of design loads

used for locks previously constructed with considerations given in

EM 1110-2-2602. The loads which were used are:

a. Lock chamber walls: 800 lb/ft but not less than
40,000 lb per monolith.

b. Other walls: 2500 lb/ft but not less than 120,000 lb
per monolith.

The boat impact was considered as acting 5 ft above the waterline and

was combined with the most severe normal loading conditions.

133. A hawser pull of 24,000 lb was applied 5 ft above pool

height and was considered distributed over a monolith length of about

30 ft.

134. When considering gate load, hawser pull, impact loads, etc.,

which act on a localized area of the monolith, the loads were distributed

on a per foot basis for the two-dimensional stability but is not accurate

enough when considering stress because of localized stresses which may

become critical in certain cases.

135. Ice load was considered as 5000 psi per sq ft and a 1-ft

ice thickness used for the dam monoliths and a 2-ft thickness used for

the headgate analysis. Ice loading during times of extreme ice jams

and breakups can be as much as 2 ft on the headgate section due to

sheets riding one over the top of the other and building up in thick-

ness against the monoliths. The 2-ft ice thickness will not occur every

year but if it does occur or if the dam experiences such a load by

flowing pieces of ice breaking up and hitting a monolith as it passes

downstream, the monoliths will have experienced this loading.

Analysis Considerations

136. There is no problem in engineering concepts if the total
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base pressure is compressive because for massive-rigid structures it
P Mccan be obtained rather accurately by f = + L considering the total

area of the base. The problem arises when the monolith just rests on a

foundation and part of the base is not in compression (tension in reality

cannot exist). If the total base is used in the analysis when part of

the area is noneffective (shows tension), the equilibrium equations are

not even satisfied. The way to determine the base pressures is to con-

sider only the effective part of the monolith base - that which is in

compression. This will be done and the effective stress is derived

below for a two-dimensional flat base structure.

137. Consider the resultant force "x" distance from the left
P -Mc

toe of the monolith and solve the equation f = - when the stress

(f) equals zero.

b P

f

P Mc.
0AY - 0 1

A I )

_I- 2 Py2-O- (2)
d d3

12

solving d 3x valid for b > d > 0
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138. The above derivation is for a two-dimensional section with

a unit depth of I ft. The stress is then:

(Py)(X) =f(3x) (1)(3x) (3)

3 x

If the resultant falls outside the base, the monolith should begin

overturning.

139. There are factors which are not sufficiently known to be de-

pendable enough at this time to be justified in good engineering design.

For example, such factors are:

a. The force required to shear a failure wedge from be-
hind the land wall monoliths as would have to happen for
tilting of the monolith to begin.

b. The base of the structure-foundation interface is assumed
flat when in fact, it may be irregular and keyed together.

c. A refinement in calculation and test method to obtain
actual horizontal backfill pressure coefficients should be
developed to more accurately obtain a horizontal soil
force against the monoliths.

d. The degree of uplift which is being used in the analysis

may not be that which actually exists, although the
actual value could be less or greater than that used in
analysis. Full uplift of that at the edge of the monolith
where noncompression began to develop must be applied
under the noncompression area of the base. The same type
analysis has to be performed for three-dimensional mono-
liths but the derivations get very complicated. For the
analysis of the three-dimensional monoliths of Troy,
computer programs were developed which would iterate and
obtain solutions with full uplift under the nomcompres-
sive area of the base.

140. There is no rigid body analysis criteria for calculating pres-

sures when the resultant falls outside the base; all the pressure would

be on the toe of the monolith, giving large pressures; therefore, a

value of - is given for these base pressures in Table 12. From past

experience, the base pressures which are calculated by normal conven-

tional design compare relatively well with those calculated at the
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base-foundation interface by the finite element method when greater

than 50 percent of the base is in compression. The comparisons become

increasingly worse when a lesser portion of the base is in compression.

The conventional analysis begins to give larger base pressures because

the deformation characteristics of the structure and foundation are not

considered.

Results of Stability Analysis

141. The summary of the results of the stability analysis is

presented in Table 12. The stability analysis calculations are pre-

sented in Appendix A. The summary of the stability analysis after

remedial measures is presented in Table 13. Table 14 presents the mono-

liths for which stability computations were performed and those for

which these computations represent.

142. Certain monoliths of the lock and dam are inadequate for over-

turning and bearing pressures. Many monoliths for which stability was

figured are very inadequate in their resistance to sliding.

143. A discussion of the stability of the individual monoliths

is given below.

a. Monolith L-1 is very inadequate in its resistance to
overturning, sliding, and base pressures.

b. Monolith L-2 is almost adequate in its resistance to
overturning, but very inadequate in its resistance to
sliding. The base pressures are below allowables.

c. Monolith L-3 is inadequate in resistance to overturning,
very inadequate in resistance to sliding, but the actual
base pressures are adequate. The actual factor of safety
against sliding is 0.84 versus an allowable of 2 for the
dewatered condition with surcharge loads behind the
monolith.

d. Monolith L-5 is inadequate in resistance to overturning,
very inadequate in resistance to sliding, and actual
base pressure is inadequate. Even for the normal
operation case with hawser pull, the actual percent
effective base is 22 percent versus an allowable of

75 percent. The safety factor against sliding is 1.28
versus an allowable of 2 for the normal operation case
with hawser pull and is 0.61 versus an allowable of
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1.33 for the dewatered case with surcharge. Base
pressures are not too bad except for the dewatered
cases where the base pressure as calculated by con-
ventional methods is o .

e. Monolith L-12 is almost adequate for overturning but is
very inadequate for resistance to sliding. Normal
operation plus hawser has an actual safety factor
against sliding of 1.42 compared to an allowable of 2.
When the chamber is dewatered and surcharge loading is
used, the actual safety is 0.83 compared to an allow-
able of 1.33. This is very critical. Bearing pres-
sures are within allowables.

f. Monolith L-16 is inadequate in its resistance to
overturning and sliding. Base pressures are below
allowables.

a. Monolith L-20 is inadequate for overturning and very
inadequate for sliding. Base pressures are adequate.
Even for the normal operation plus hawser case the
actual factor of safety for sliding is 1.30 compared
to an allowable of 2.

h. Monolith L-24 is somewhat inadequate for overturning
and very .nadequate for sliding resistance. The base
pressures are above allowables except for the normal
operation plus earthquake case.

i. Monolith R-36 is inadequate in its resistance to overturn-
ing. The monolith is very inadequate in its resistance
to sliding. It has an actual safety factor of 1.45 com-
pared to an allowable of 2 for the normal operation
plus hawser case and 1.14 compared to an allowable of
1.73 for the chamber dewatered case. Base pressures

are below the allowable.

1. Monolith R-44 is adequate for overturning. It is very
inadequate in its resistance to sliding. The case of
normal operation plus impact has a safety factor of
1.58 compared to an allowable of 4. Base pressures are
within allowables.

k. Monolith R-50 is almost adequate for its resistance to
overturning. It is very inadequate in its resistance
to sliding. It has a safety factor of 1.57 compared to
an allowable of 4 for normal operation plus impact.
Base pressures are within allowables.

1. Monoliths D-1 through D-33 are adequate in overturning

(assuming apron not overstressed), inadequate in re-
sistance to sliding, and have base pressures below
allowables.

m. Monoliths D-34 through D-66 are adequate in overturning
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(assuming apron not overstressed), inadequate in re-
sistance to sliding, and have base pressures below allow-
ables.

n. The headgate monolith is adequate in stability.

144. The upper and lower river guide walls were adequate in

stability.

145. During the coring program a piece of the rock anchor from

under the dam (Monolith D-36) was obtained (Figure 74). It showed no

signs of deterioration of the steel, grout or of the bond between the

grout and foundation material. The cores showed good contact between

the concrete monoliths and the foundation (Figure 28). With these

facts in mind it was assumed that the rock anchors under the dam are

effective.

146. Many monoliths are:

a. Very inadequate in their resistance to sliding.

b. Inadequate in their resistance to overturning.

c. Some have excessive base pressures.

147. The small inadequacies in base pressures were eliminated in

the process of correcting overturning instability. Remedial measures

are recommended in Part IX.

148. The monoliths are not adequate for sliding. Posttensioning

could be used to provide the monoliths with adequate sliding resistance,

but to keep the tensile stress in the monoliths as low as possible

posttensioning should only be used to correct overturning deficiences

while a reaction block is used to give adequate sliding resistance. The

reaction block concept is presented in Part IX.

149. The remedial measures for overturning deficiencies will

have to be accomplished by posttensioning. Only a portion of the actual

posttensioning required is stressed into the anchors. The reason for

not applying the total posttensioning is that, when and if the moncliths

have a tendency to move, the strand will then develop the necessary re-

sistance for adequacy in overturning. This way large stresses are not

induced in the monoliths or culvert walls by posttensioning which could

have a tendency to produce cracking and problems.
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150. Soundings directly in front of the dam show some erosion

which should be evaluated as the rehabilitation progresses and filled

to prevent stability problems by undermining of the dam foundation.

The scourer holes are as follows:

Scourer Depth
Monoliths Below Sill, ft

D-33 to D-35 8 to 9

D-44 to D-45 10

D-46 to D-66 8 to 10
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PART VIII: FINITE ELEMENT STRESS ANALYSIS

Introduction

151. It is becoming increasingly important to understand the

phenomenon of stress distribution in structures and not depend entirely

on average stress approximations as has been done in conventional design.

Knowledge of the total stress field is important in order that stress

concentrations and decisions about stresses in the concrete as well as

concrete reinforcement can be handled wisely and economically. Con-

ventional analysis usually leads to a safe design but is inadequate

in determining stress concentrations; therefore, regions may not be re-

inforced adequately to prevent undesirable cracking. In conventional

analysis the whole stress field is not known and observations of stress

concentrations cannot be delineated, studied, and reacted to properly.

The finite-element analysis adds a new dimension or advantage in this

respect. A finite element study does not make conventional design obso-

lete; in fact, it is a supplement, making a combination which is much

better than either separately. It is important to consider stress

distribution in areas of stress concentration when evaluating old

structures which have cracked and are deteriorating. The finite ele-

ment solution gives good results as long as the model adequately repre-

sents the actual situation and as long as any assumptions made can be

seen to be logical or proven to be adequate.

152. The finite element analysis is used to get some idea of the

magnitude of compressive- and tensile-stress concentrations within the

monoliths before and after posttensioning to be sure the additional

stressing does not adversely affect the structural integrity of the

monoliths. Even though the total posttensioning is not stressed into

the monoliths, it is assumed that it may be needed and the total load

is induced into the monoliths for stress evaluations.

153. An important concept is that conventional posttensioning

loads along the monolith length make the problem a three-dimensional

analysis.
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Finite Element Analysis Program

Introduction

154. A finite element analysis program called "SAP V" was used

to compute the stresses in the structure and foundation. This program

was designed and programmed to be an effective and efficient computer

program for analyzing very large, complex, three-dimensional structural

systems with no loss of efficiency in the solution of small problems.

Twelve structural element types were included to increase the usability

and flexibility of the program.

155. The capacity of the program is controlled by an "A" array

containing 10,000 double precision words of storage for computers with

large storage capacities. The size of this array can be changed to in-

crease efficiency and the capacity of the program by increasing the

value of "MTOTI" in a routine labeled SAP V of the program.

Input

156. Each node in the system is described by a location and a set

of boundary conditions. The location is input as either cartesian (x,

y, z) or cylindrical (r, z, e) coordinates. The boundary conditions are

defined by three translations and three rotations.

157. Each element in the system is described by a set of nodes

and a material type. Other element input includes material properties

such as Young's modulus of elasticity, weight density, coefficient of

thermal expansion, material axis orientation, Poisson's ratio, and shear

modulus.

158. Structural loadings are input as nodal and element loads.

The nodal loads are applied as forces and moments. The element loads

include thermal, gravity, distributed surface, and hydrostatic loadings.

Output

159. The solution output includes displacements and rotations for

each unrestrained node and normal and shearing stresses at selected points

for each element. Undeformed or deformed finite element grids can be

obtained. The output units are the same as the input units.

48

.,:~ *42



!-

Loads

160. In making stress calculations, the backfill was not used as

part of the gridded medium. There were three reasons for this:

a. Elaborate and costly tests of backfill material would be
required to define the backfill properties precisely.
This was not done because of the expense which would
have been incurred and because of the random nature of
the backfill. Also, at the time of sampling, the mate-
rial properties for analysis were being obtained and the
instability of the monoliths was not known; therefore, a
costly evaluation could have been useless. Without a
precise definition of the backfill, the vertical and
horizontal backfill loads, which are obtained by using
unit weights and a coefficient of at-rest-earth pres-
sure, are within the accuracy of the study.

b. The three-dimensional finite element grid would become
very large.

c. SAP V does not have the capacity to ignore tension be-
tween the structure and the backfill and with the
backfill and structure gridded together, unrealistic
tension may be created.

161. The density of the backfill material was used to get vertical

loads. The coefficient of at-rest-earth pressure and the density of the

backfill material were used to obtain the horizontal loads. The water

pressure from saturation level was taken into account. The loads are

then applied at node points of the finite element grid.

162. One consideration which must be made in the stress analysis

is the effect of uplift on the base of the monolith. In certain cases

the effect will be negligible, but in others it could be substantial.

The important concept concerning uplift is that it is a support condi-

tion, and its effect (small or large) is dependent on its distribution

and the thickness of the supporting element over which it is distributed.

Specific loadings on a structure cause a specific distribution of

pressure under the monolith base. The uplift will change this distri-

bution, thereby affecting the support condition of the monolith. It

can be seen that the pressure distribution under the monolith affects

the stress in the structure only by deformations resulting from the

support condition. By looking at free body force diagrams of a
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monolith, in fact, a section an infinitesimal distance above the base (in

rigid body analysis) can be taken and the upper part of the monolith con-

sidered as a free body. The analysis will then not even see the pressure

distribution at the base; therefore, the distribution affects the stress

analysis through deformations which are taken into account in the finite

element study. Uplift could have significant effect where there are

large culverts close to the base of the monolith and the distribution is

such as to load the slab to increase stresses. The total distribution

including uplift was used in the three-dimensional stress analysis.

Analysis and Results

163. A three-dimensional analysis was used to evaluate the stress

distribution in Monolith L-5. Figure 75 presents a two-dimensional end

view of the three-dimensional finite element grid. Monolith L-5 re-

quires more posttensioning than any of the other monoliths which are to

be posttensioned through the culvert wall and has the most irregular and

thinnest section at the filling and emptying culvert where the postten-

sioning forces are to be applied. If Monolith L-5 is not overstressed,

the other monoliths which are to be posttensioned through the filling

and emptying culverts will not be either. From experience (Pace and

Campbell 1978) the monoliths which are to be posttensioned vertically

through the total monolith will not be overstressed with the required

posttensioning loads.

164. Enough foundation material was gridded with the structure to

allow adequate structure-foundation interaction to give accurate re-

sults. The boundary conditions are as presented in Figure 75. A

three-dimensional slice of the finite element grid is presented in Fig-

ure 76. The total three-dimensional grid is composed of these sections

which act monolithically.

165. The finite element analysis was performed with and without

the posttensioning loads to see what effect the additional stressing

produced. The case loadings analyzed were the normal operation condi-

tion and the dewatered condition with surcharge. Two posttensioning
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situations were analyzed. Maximum stresses were found and evaluated.

Figure 75 presents the elements which have maximum stresses. Maximum

stresses before posttensioning are summarized in Tables 15 and 16.

Maximum stresses after posttensioning for the normal operation and the

dewatered case with surcharge are presented in Tables 17 and 18, respec-

tively, for the condition of soil anchors through the top of the mono-

lith. Maximum stresses after posttensioning for the normal operation

and the dewatered case are presented in Tables 19 and 20, respectively,

for the condition of posttensioning through the culvert walls.

166. The first posttensioning situation analyzed was to have the

tendons placed through the top of the monoliths (Figure 77) and extend

horizontally to soil anchors embedded a sufficient distance behind the

monoliths. The finite element analysis (Tables 15-18) shows that this

design is unacceptable because it created tensile stresses in the con-

crete of the lock face in the area of the filling and emptying culvert

of approximately 152 psi, which is excessive in relation to 0.01 f'
c

167. The second consideration (Figure 78) was to posttension

vertically through the back of the monoliths when possible and to use

anchors through the filling and emptying culvert walls when not pos-

sible. From experience (Pace and Campbell 1978), it is known that the

stresses produced by posttensioning vertically through the monoliths will

not be excessive for the required posttensioning loads. The finite

element analysis showed that tensile stresses will only be increased by

about 11 psi (Tables 15, 16, 19, and 20) by the maximum posttensioning

loads stressed in the culvert walls. The tensile stress increased from

28 to 39 psi. This is considered acceptable when considering an allow-

able tension of 0.01 f' giving maximum allowable tensile stresses of
c

approximately 44 psi. The posttensioning does not cause excessive

tensile stresses in the foundation. This assumes that the culvert wall

is in contact with the rock. This situation should be checked as the

rehabilitation progresses.

168. This analysis confirms that the required posttensioning

through the culvert walls will be acceptable for the land and river-

wall monoliths where it is required.
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PART IX: RECOMMENDATIONS

Introduction

169. The three main objectives of rehabilitation at Troy lock,

dam, and headgate are:

a. To render the monoliths adequate with regard to
stability.

b. To remove and replace the deteriorated concrete with
concrete of appropriate quality.

c. To rehabilitate the headgate monoliths in such a manner
as to make the stresses in the structure below
allowables.

Recommended Remedial Action for

Stability Inadequacies

170. The monoliths of Troy lock, dam, and headgate sections should

be adequate in stability. The background information concerning the

stability analysis and the criteria used to judge the adequacy of mono-

liths stability are presented in Part VII. Summaries of the stability

of the various monoliths before and after posttensioning are presented

in Tables 12 and 13, respectively, of Part VII.

171. As shown Part VII, many monoliths are very inadequate in

stability and require remedial action to achieve continued operational

success.

172. It is desirable to posttension the monoliths as little as

possible to meet the stability criteria as presented in Part VII. To do

this, the monoliths were posttensioned to meet overturning requirements

and reaction blocks were used at the monolith base to meet any remain-

ing deficiency in sliding criteria. Furthermore, it is advantageous to

reduce the applied posttensioning by applying a minimal amount of stress

in the tendons (Table 21). The tendons will have the capacity to resist

the full requirement but will not experience the force unless forces on

the monolith require the tendons to develop the resisting force. This

is considered adequate because small strains will develop the required
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posttensioning forces in the tendons. The posttensioning force will be

available but not used unless it is necessary. This will reduce any

tendency for stress problems from the posttensioning.

173. Two considerations of posttensioning were evaluated using

the finite element analysis of Part VIII. The first one was to have the

posttensioning cables go through the top of the monoliths (Figure 77)

and extend horizontally to soil anchors embedded a sufficient distance

behind the monoliths. The finite element analysis (Part VIII) showed

that this design was unacceptable because it created tensile stresses

in the concrete of approximately 152 psi, which is excessive. The

second consideration (Figure 78) was to either posttension vertically

through the back of the monoliths when possible or, when not possible,

to use anchors on a 45-deg angle through the filling and emptying cul-

vert walls (Figure 79). From experience (Pace and Campbell 1978) it is

known that the stresses produced by posttensioning vertically through

the monoliths will not be excessive for the required posttensioning

loads. The finite element analysis showed that tensile stresses will

only be increased by about 11 psi by the maximum posttensioning loads

applied in the culvert walls. The tensile stress increased from 28 to

39 psi. This is considered acceptable when considering an allowable

tension of 0.01 f' giving maximum allowable tensile stress of approxi-

mately 44 psi.

174. A specific example of how posttensioning is figured is pre-

sented below for Monolith L-5. This presentation is for a 1-ft length

of monolith.

175. Horizontal posttensioning (soil anchorage) which is required

to meet sliding stability for Monolith L-5 is as obtained below.

R FSR
H

R = FSR *FH

F V* tan 0 + A*C + PS = FSR*FH

PS - FSR*FH -F* tan - A*C (5)
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where

FSR = factor of safety against sliding required to meet
stability criteria

F H = resultant horizontal force (kips)

FV = resultant vertical force (kips)

0 = angle of internal friction (deg)

A = area of base in which the foundation-structure inter-

face is still considered bonded (ft )

C = cohesion at interface (ksf)

PS = posttensioning force required to meet sliding

stability (kips)

Given: Dewatered condition with surcharge

FSR = 2
FK = 64.96

Fv = 67.38

0 = 30.4

A = 0.0

C = 0.04

PS - 2*64.96 - 67.38* tan 30.4 - 0.0*0.04

PS = 90.39 kips/ft of monolith

Use two rows of posttensioning with tendons located 5 ft on centers.

Top row of tendons is at elevation 19.0 ft and bottom row at eleva-

tion 13.0 ft.

hole = 90.39 *5

PShole - 226 kips/hole

176. The posttensioning of 226 kips/hole was used in the finite

element analysis and was found to overstress the concrete in tension.

177. Posttensioning through the filling and emptying culvert walls

to meet overturning requirements for Monolith L-5 is obtained below.

Let A BW*PEBR
300

B cos 0 *(Y1 + Y2) + sin O *(XI + X2)
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3*e 100 - PEBR
BW

BW*PEBRe- 300

e-A

M A
F

M = F*A

M + pS* [y1* cos e + X1* sin 6] + PS* [Y2* cos 0 + X2* sin e]

= [FV + 2*PS* sin 6] *A

M + PS* [cos 8 *(YI + Y2) + sin 0 *(XI + X2)]

= A* FV + 2*A*PS* sin 6

M + B*PS = A*FV + 2*A*PS* sin 0

PS* B - 2*A* sin0 = A*F - M

A*F - M
V 0

B - 2*A* sinO (6)

where

BW = base width of monolith (ft)

PEBR = percent effective base required (percent)

e = angle posttensioning tendons makes with horizontal
(deg)

X1 - X-moment arm of top row of posttensioning (ft)

X2 = X-moment arm of bottom row of posttensioning (ft)

Y1 - Y-moment arm of top row of posttensioning (ft)

Y2 = Y-moment arm of bottom row of posttensioning (ft)

e - moment arm for force, Fv (ft)

FV = resultant vertical force (kips)

M 0 moment due to applied forces (ft-kips)

F - resultant force after posttensioning (kips)

M - moment due to force, F (ft-kips)

PS - required posttensioning force per row per ft of
monolith (kips)
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Given: Dewatered condition with surcharge

BW = 15 ft

PEBR = 75 percent

e = 45 deg

Xl = 12.71 ft

X2 - 12.71 ft

Y1 = 7.0 ft

Y2 = 4.0 ft

F = 67.38 kipsv

M = -189.09 ft-kips

15*75
300

A =3.75 ft

B -i cos 45*(7 + 4) + sin 45(12.71 + 12.71)

B - 25.75

PS = 3.75*67.38 - (-189.09) 441.77 = 21.6 kips/ft monolith
25.75 - 2*3.75* sin 45 20.45

21.6 kips/ft monolith*32 ftPShole = 6 115.2 kips/hole

178. The strut resistance needed for Monolith L-5 to meet sliding

stability after posttensioning through the filling and empting culvert

walls to satisfy overturning requirements is obtained below.

R
- = FS

FH

R = FSR*FH

(FV + PS* sin 0)* tan 0 + PS* cos + A*C + SR = FSR*FN

SR = FSR*FH - [(FV + PS* sin 0) * tan 0 + PS* cos 6 + A*C] (7)

where

FSR - factor of safety against sliding required to meet

stability criteria
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FH - resultant horizontal force (kips)

F = resultant vertical force (kips)
V

PS = posttensioning force required to meet present-day

overturning stability (kips)

0 = angle posttensioning tendons makes with horizontal

(deg)

0 = angle for sliding friction (deg)

A = area of base in which the foundation-structure inter-

face is still considered bonded (ft )

C = cohesion at interface (ksf)

SR = strut resistance required to meet sliding stability

(kips/ft of monolith)

179. The calculations for strut resistance are for the dewatered

condition with surcharge behind the monolith.

Given:

FSR = 2

FH = 64.96 kips

FV = 67.38 kips

PS = 21.6*2 = 43.2 kips/ft monolith

6 = 45 deg

A =0.0

C = 0.04

SBR = 2*64.96 - [(67.38 + 43.2* sin 45) tan 30.4

+ 43.2* cos 45 + 0.0*0.04]

SBR - 41.92 kips

180. The posttensioning and strut action were obtained for all

monoliths using concepts similar to those used in the sample calculations

for Monolith L-5.

181. The posttensioning for the three-dimensional monoliths had

to be determined by iteration because of the irregular base geometry

causing the kern to be of irregular shape. The posttensioning require-

ments for the governing cases are presented in Table 21.
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182. For vertical tendons through the entire monolith depth

(example Monolith L-1) the posttensioning force per tendon could be in-

creased, and the number of holes decreased. A judgment was made to post-

tension as given in Table 21 in order to keep the stresses in the mono-

liths as low as possible. Table 21 can be used to make the actual re-

habilitation plans for posttensioning. General locations for postten-

sioning are presented in Figure 78.

183. The strut resistance necessary for the additional sliding

resistance is presented in Table 22. Strut resistance is to be provided

by a reaction block using rock anchors to secure the block to the founda-

tion. Rock anchors are inclined downward and toward the monolith at

45 deg. Required capacities for the anchors per monolith are presented

in Table 22. The rock anchor selection and spacing can also be made by

using the requirements presented in Table 22. The recommended size and

reinforcing for the reaction block are presented in Figure 80.

184. After posttensioning, the base pressures are below the

allowables of 33 ksf.

185. Dam Monoliths D-1 through D-62 require posttensioning to make

their resistance adequate in stability. No strut resistance was assumed

because of the construction (Figure 3). The required posttensioning is

presented in Table 21. Different posttensioning loads were required for

D-1 through D-33 than were required for D-34 through D-62. The post-

tensioning for Monoliths D-34 through D-62 is greater than for D-I through

D-33 as shown in the calculations presented below.

186. The stability was calculated using the entire monolith. This

assumes that the apron is not overstressed in tension. The following

calculations show that for the more critically stressed monoliths

(D-34 through D-62) the apron has 50-psi tension before posttensioning

and 41-psi tension afterward. The posttensioning decreases the stress

in the apron, therefore, the above analysis is adequate.

187. Any cracks which exist in the headgate monolith after deteri-

orated concrete is removed should be epoxy injected.
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Depth of Posttensioning Anchor

188. The failure mode of the posttensioning tendon in the founda-

tion can be in any of the following ways:

a. By failure within the rock mass.

b. By failure of the bond between rock and grout.

c. By failure of the bond between the grout and the tendon.

d. By failure of the steel tendon or top anchorage.

189. The most critical failure mode must be determined and used

in obtaining the length of posttensioning.

a. Failure within rock mass. From pullout data the failure
within the rock mass was about 18 kips per foot (Part V).
Using a safety factor of 2 the allowable resistance will

be 9 kips per foot of hole.

b. Rock/grout bond. From the pullout tests it was found
that the bond between rock and grout can withstand a
maximum stress of 480 psi. Using a safety factor of
2 the allowable bond stress is 240 psi. The maximum
hole diameter for posttensioning tendons is 2-1/2 in.
Using the 2-1/2 in.-diam hole, the pullout resistance
per foot of tendon is (12 in.) (3.14) (2.5 in.) (240 psi)
(I kip/1000 lb) = 22.6 kips per foot of hole. This
allowable is greater than the 9 kips per foot of tendon
for the foundation material itself; therefore, the bond
between rock and grout does not govern the design.

c. Grout/tendon interface. If an allowable stress of
145 psi is used for the bond between the grout and
tendon, the allowable force per foot of tendon is as
calculated below for the various tendons.

ER5-3(3 strand)(steel area = 0.459 in. )

Allowable load per foot of tendon (4)(0.459) (3.14)(304.5)

3.14

(12)(1/1000) = 8.77 kips

2
ER5-6(5 strand)(steel area = 0.765 in. 2)

Allowable load per foot of tendon (3.14)(304.5)3.14 (.4 345

(12)(1/1000) = 11.33 kips
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ER5-9(7 strand) (steel area = 1.071 in. 2)

Allowable load per foot of tendon = (4)(I.071) (314)(3045)
3.14

(12)(1/1000) = 13.40 kips

The above values are conservative because the calcula-
tions assume only one circular tendon and the multiple
strand tendons will have more surface area. The allow-
able of 9 kips per foot for the foundation is still a
good value to use in the design.

d. Steel tendon. The allowable load given by the tendon
manufacturer will be used. This will give a tendon which
will perform successfully.

190. The allowable load per foot of tendon will be 9 kips per foot

of embedment depth. For effective placement and good engineering practice

a depth of tendon embedment less than 15 ft will not be used. The depth

of tendon embedments is given in Table 21.

191. Several tests will be performed in the field pulling the

tendons to maximum load to be sure that the embedment depths are

sufficient.

Removal and Replacement of Deteriorated Concrete

192. The main factors involved in the concrete removal and overlay

replacement are:

a. Means of concrete removal.

b. Depths of concrete removal.

E. Preparing surface for overlay replacement.

d. Bonding agent.

e. Reinforcement.

f. Type overlay and its main engineering properties.

193. The probable depths of concrete removal are presented in

Part V1. Table 23 presents the recommended repair of deteriorated

concrete.

Land wall

194. Deteriorated concrete especially in the location of gate

I
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anchors must be removed and replaced by a properly reinforced, air-

entrained overlay.

195. Water and backfill material are coming through the landside

culvert wall of monolith L-5 (Figure 69), which indicates that some por-

tion of the concrete in this culvert wall is not of sufficient quality

and must be evaluated and replaced as the rehabilitation progresses.

196. The construction joints and the few cracks which exist in

the land wall monoliths are not a problem and need not be repaired.

197. Danger from the falling of loose pieces of concrete will be

eliminated by the surface concrete rehabilitation.

198. The deterioration at the filling and emptying culverts and

along the base of the monoliths (Figure 9) will be eliminated by sur-

face concrete rehabilitation and reaction block construction at the base

of the monoliths.

River wall

199. The same general recommendations apply for the river wall

monoliths. One leaking construction joint in the river face of the river

wall (Figure 12) should be cleaned and filled with nonshrink mortar.

Dam

200. The dam has almost no deteriorated concrete; therefore,

the surface can be cleaned with some removal of concrete and an erosion-

resistant overlay applied. All holes should first be patched with non-

shrink concrete before an overlay is applied. Some of the dam surface

has been eroded away; therefore, a 3-in. overlay will not raise the pool

higher than that which existed originally.

201. Scour in front of the dam should be eliminated to prevent

undermining of the dam foundation (Part VII).

Headgate

202. The deteriorated concrete in the headgate section should

be removed to an elevation of sound nondeteriorated concrete. Dowels

should be used to anchor the old concrete to the new. After the de-

teriorated and cracked concrete is removed from the headgate monolith,

the new concrete should be reinforced to take the loads for the normal

operation plus ice condition which was used in the stability analysis.
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If the concrete below that which is removed is still overstressed, post-

tensioning tendons can be used to carry the tensile stresses.

203. The gated spillway should be reinforced to have adequate

resistance to ice loadings. The handrail on the gated spillway should

be light and removable because ice loading against it can cause cracks

in the gated spillway (Figure 15).

204. It is recommended that controlled blasting be used to remove

1-ft deteriorated concrete from the chamber faces of the land and river

walls except for areas below the tops of filling and emptying culverts.

Where the concrete thickness is 5 ft or less, a chipper must be used. If

any isolated areas of deterioration remain, they can be removed by a

chisel point chipper. Blasting in a location where water can act as a

confining pressure should not be used because the water will cause

coupling of energy into the concrete monolith and cause damage to the

nondeteriorated concretes. It is not necessary to remove the total

depth of deteriorated concrete from the horizontal surface of the land

and river wall. A 1-ft-deep removal of concrete and a reinforced overlay

will be adequate. For the remainder of the lock, the deteriorated depth

of concrete is variable (Figures 41 and 42), and it is suggested that the

contract allows this removal to bid on a per cubic yard basis.

205. In all cases (except the top surface of the land and river

walls) deteriorated material shall be completely removed. In a few cases

sound material must be removed so as to accommodate a specific repair

procedure requiring a given thickness (depth) of new concrete so as to

allow proper placement of reinforcing so that the required minimum

cover over steel in the repair concrete is achieved (I in. for wire mesh

and 3 in. for reinforcement).

206. The No. 5 bars at 12 in. on center over the dowels are for

crack control in the overlay. The mat reinforcement will decrease

cracking, entry of water into the concrete, and decrease concrete de-

terioration. No bonding agent should be used. The overlay should be

placed on the dry concrete surface to get a minimum discontinuity be-

tween the overlay and the interior concrete. This will minimize the

collection of water in sufficient quantities at the interface of the
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overlay to cause debonding when freezing occurs.

207. The remedial stability measures should be accomplished in

the following manner.

a. Use reaction blocks to correct for sliding stability.

b. Use posttensioned tendons as specified to correct for
overturning stability. The tendons will be checked for
the specified strength development capacity in the field.
If there is any tendency for the monolith to move, the
tendon will then become active and resist the movement.

208. The depths of posttensioning anchorage are presented in

Table 19.

209. In concrete placement, good concrete practices for batching,

transportation, and placement in a cold weather environment should be

used.
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Figure 7. Overview of upstream portion,
Troy Lock

Figure 8. Typical view of lock chamber walls
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Figure 9. Typical view of filling and emptying culverts

Figure 10. River wall-location where dam joins river wall
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Figure 11. Riverside of river wall

Figure 12. Riverside river wall showing deterioration,
undercutting at water level, and water flowing from

construction joint
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Figure 13. Undercutting of concrete at base
of control building



a. Overall view

.7-4

b. Closeup view

Figure 14. Deterioration of concrete of damn



Figure 15. Cracking and deteriorated surface concrete
in the piers of the gated section near powerhouse
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Figure 16. Leaking construction joint in the shaft which
allows entrance into the dam tunnel



Figure 17. Cracking in the shaft which allows entrance

to the dam tunnel
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a. On land wall monolith

b. On dam monolith

Figure 19. Vertical core drilling
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Figure 20. Closeup view of 3-ft core drilling
in dam face
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Figure 21. Concrete core immediately after
being sampled

Figure 22. Foundation core immediately after
being sampled
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Figure 25. Subsurface deterioration of concrete in upper
vertical face of the upper land wall gate monolith

(monolith 3)

Figure 26. Surface of concrete core from vertical face of
land wall showing typical etching away of mortar leaving

coarse aggregate in relief
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Figure 28. Core RW-37 from top of river wall showing
subparallel cracking of older concrete below overlay
(the core was photographed upside down so it would

stand alone)



Figure 29. Sawed surface of core RW-55 impregnated with epoxy
resin containing fluorescent dye and photographed using ultra-
violet light to show the presence and amount of cracking,

x0.9

Figure 30. Ground surface of core RW-55 impregnated with
epoxy resin containing fluorescent dye and photographed
using ultraviolet light to show the presence and amount

of cracking, xO.9
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Figure 37. Base of concrete in Boring HG-2
showing embedded black foundation rock



Figure 38. Short length of foundation rock from
Core RW-37 lying on its side to show typical high

angle breaks, xO.2

I
Figure 39. Sawed surface from short length of foundation

rock from Core RW-55. The broken surfaces and the sloping
bedding traces on the sawed surface are typical,

approximately xO.5
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Figure 46. Elevation view presenting core locations
behind Monolith 4
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Figure 47. Elevation view presenting core hole location
behind Monolith 12
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Figure 49. Core in preparation stage for testing

Figure 50. Foundation core after triaxial test



Figure 51. Specimen of concrete and foundation prepared
for sliding friction shi-ar tests

Figure 52. Prepared specimen for testing in shear along

bedding plane
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Figure 55. Unconfined stress-strain results of concrete
Specimens 11, 12, 13, and 14
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Figure 59. Unconfined compression test results of foundation
Specimens U, S-1, and T
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a. Closeup view

b. Overall view

Figure 66. Specimens prepared for pullout testing
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Figure 67. Pullout specimen after failure

Figure 68. Specimen failed in direct shear
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Figure 69. Mud and water flow through the wall
of Monolith 5 into the filling and emptying

culvert of the land wall
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a. Leakage in construction joint of dam tunnel

b. Ice sheets from leakage in land wall filling and
emptying culverts

Figure 70. Construction joints
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Figure 71. Cracking in top of downstream land wall

filling and empyting culvert
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Figure 73. Flood conditions at Troy Lock and Dam



Figure 74. Core showing rock anchor of
dam monoliths

ir



E61-6 ::

E329

L . ,

Z

E625---t4. E733

E977-, E922'~

STRUCTURE-FOUNDATION E 1077F

E1021-'

ROLLERS

FIXE

(NOT MOVABLE)---

Figure 75. Monolith 5, Troy Lock and Dam, two-dimensional
end view of three-dimensional finite element grid
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Figure 76. Monolith 5, Troy Lock and Dam, three-dimensional
slice of finite element grid
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Table 1

Location and Purpose for Cores

Core Hole
Location Purpose No.

Backfill To determine: LW-2, LW-6, L-12, and LW-19
(1) backfill densities
(2) horizontal pressure

coefficients

Land wall

Concrete To determine: LS-1, LS-2, LW-3, LW-4,
(1) depth of deteriorated LW-5, LW-7, LW-8, LW-9,

concrete LW-10, LW-16, LW-17,
(2) cause of concrete LW-18, LW-20, LW-21

deterioration

To determine: LW-l and LW-22

(1) depth of deteriorated
concrete

(2) cause of concrete
deterioration

(3) engineering properties
of concrete

(4) monolith embedment
depths

Foundation To determine: LW-l and LW-22

(1) engineering properties
(2) concrete-foundation

interface properties
(3) any significant

geological features

River wall

Concrete To determine: RW-27, RW-27TS, RW-35,
(1) depth of deteriorated RW-37LP, RW-37UP,

concrete RW-37RS, RW-44LP,
(2) cause of concrete RW-44UP, RW-45,

deterioration RW-50LS, RW-5OUP,
RW-62RS, RW-65LS,
RW-65TS

To determine: RW-55 and RW-37
(1) depth of deteriorated

concrete
(2) cause of concrete

deterioration
(3) engineering properties

of concrete
(4) monolith embedment

depths (Continued)



Table I (Concluded)

Core Hole
Location Purpose No.

River wall
(Continued)

Foundation To determine: RW-55 and RW-37
(1) engineering properties
(2) concrete-foundation

interface properties

(3) any significant
geological features

Dam

Concrete To determine: HG-I, DF-4, D-6, D-10,
(1) depth of deteriorated D-12, DF-8, D-16,

concrete D-24, D-27, D-42,
(2) cause of concrete DA-48, D-52, and D-59

deterioration

To determine: HG-2, D-14, and D-33
(1) depth of deteriorated

concrete
(2) cause of concrete

deterioration
(3) engineering properties

of concrete
(4) monolith embedment

depths

Foundation To determine: HG-2, D-14, and D-33
(1) engineering properties

(2) concrete-foundation
interface properties

(3) any significant
geological features

Gated spillway

Concrete To determine: DSPL-1, DSPL-2, DSPL-3,
(1) depth of deteriorated and DSPL-4

concrete
(2) cause of concrete

deterioration



Table 2

Core Identification

Elevation Depth
Core No. ft* ft Orientation Location Material

LS-l 24.0 5.0 Vertical Monolith No. 1, Concrete

land wall

LW-4 24.0 3.0 Vertical Monolith No. 3, Concrete
land wall

LW-5 24.0 2.8 Vertical Monolith No. 4, Concrete~~land wall I

LW-i 24.0 39.8 Vertical Between Mono- Concrete
65.5 liths No. 5 & 6 Rock

LW-18 24.0 2.7 Vertical Monolith No. 22, Concrete

land wall

LW-22 24.0 48.15 Vertical Monolith No. 24, Concrete

72.8 land wall Rock

LS-2 21.5 2.8 Horizontal Monolith No. 2, Concrete
land wall

LW-3 21.0 3.1 Horizontal Monolith No. 3, Concrete
land wall

LW-7 16.0 3.3 Horizontal Monolith No. 5, Concrete
land wall

LW-9 16.0 3.4 Horizontal Monolith No. 12, Concrete
land wall

LW-17 16.0 3.45 Horizontal Monolith No. 22, Concrete
land wall

LW-21 15.5 3.0 Horizontal Monolith No. 24, Concrete
land wall

LW-8 3.0 2.9 Horizontal Monolith No. 5, Concrete
land wall

LW-I0 3.0 3.3 Horizontal Monolith No. 12, Concrete
land wall

LW-16 3.0 3.0 Horizontal Monolith No. 22, Concrete
land wall

LW-20 3.0 3.2 Horizontal Monolith No. 24, Concrete
land wall

RW-27TS 24.0 3.0 Vertical Monolith No. 27, Concrete
river wall

(Continued)

* Elevations are plus unless preceded by a minus sign. (Sheet 1 of 4)

(SheetI of 4



Table 2 (Continued)

Elevation Depth
Core No. ft* ft Orientation Location Material

RW-CON 24.0 3.9 Vertical Monolith No. 34, Concrete
river wall

RW-37 24.0 40.0 Vertical Monolith No. 37, Concrete
68.0 river wall Rock

RW-55 24.05 41.65 Vertical Monolith No. 55, Concrete
65.7 river wall Rock

RW-60TS 18.0 3.0 Vertical Monolith No. 60, Concrete
river wall

RW-65TS 18.0 3.0 Vertical Monolith No. 65, Concrete
river wall

RW-27 20.5 9.0 Horizontal Monolith No. 27, Concrete
river wall

RW-34 21.0 3.1 Horizontal Monolith No. 34, Concrete
river wall

RW-35UP 15.0 3.2 Horizontal Monolith No. 35, Concrete
river wall

RW-37UP 15.0 3.2 Horizontal Monolith No. 37, Concrete
river wall

Rw-44uP 14.0 3.4 Horizontal Monolith No. 44, Concrete

river wall

RW-5OUP 16.0 13.0 Horizontal Monolith No. 50, Concrete
river wall

RW-37LP 4.0 3.2 Horizontal Monolith No. 37, Concrete
river wall

RW-44LP 3.0 3.3 Horizontal Monolith No. 44, Concrete
river wall

RW-50LSL 3.0 3.2 Horizontal Monolith No. 50, Concrete
river wall

RW-60LS 2.9 3.0 Horizontal Monolith No. 60, Concrete
lower guide wall

HW-65LS 6.0 2.7 Horizontal Monolith No. 65, Concrete
lower guide wall

RW-45 5.4 3.0 Inclined 600 Monolith No. 45, Concrete
river wall

(Continued)
(Sheet 2 of 4)



Table 2 (Continued)

Elevation Depth
Core No. ft* ft Orientation Location Material

RW-62RS 5.5 3.0 Inclined 600 Monolith No. 62, Concrete

river wall

D-6 16.33 3.7 Vertical Monolith No. 6, Concrete

spillway

D-10 16.33 3.5 Vertical Monolith No. 10, Concrete

dam

D-12 16.33 3.2 Vertical Monolith No. 12, Concrete

dam

D-14 15.33 18.0 Vertical Monnolith No. 14, Concrete
43.5 dam Rock

D-16 16.33 3.6 Vertical Monolith No. 16, Concrete

dam

D-24 16.33 3.3 Vertical Monolith No. 24, Concrete
dam top

D-33 16.3 26.0 Vertical Monolith No. 33, Concrete
53.7 dam Rock

D-42 13.0 4.2 Vertical Monolith No. 42, Concrete
dam

D-52 13.0 4.7 Vertical Monolith No. 52, Concrete

dam

D-59 13.0 4.9 Vertical Monolith No. 59, Concrete

dam

HG-I 4.0 3.4 Horizontal Head gate Concrete

DA-I -1.0 2.3 Vertical Monolith No. 1, Concrete
11.5 dam toe Rock

DF-4 -1.0 3.0 Inclined 300 Monolith No. 4, Concrete
dam toe

DF-8 2.3 2.9 Inclined 300 Monolith No. 8, Concrete
dam toe

DF-14 2.3 3.05 Inclined 300 Monolith No. 14, Concrete
dam toe

DF-27 2.3 3.0 Inclined 300 Monolith No. 27, Concrete
dam toe

DA-48 2.5 1.6 Vertical Monolith No. 48, Concrete
darn toe

(Continued)

(Sheet 3 of 4)



Table 2 (Concluded)

Elevation Depth
Core No. ft* ft Orientation Location Material

D spill-i 18.0 3.2 Horizontal Fourth pier from Concrete
west

D spill-2 18.0 3.6 Horizontal Seventh pier Concrete
from west

D spill-3 18.0 3.5 Horizontal Tenth pier from Concrete
west

D spill-h 18.0 2.9 Horizontal Last pier from Concrete
west

HG-2 26.0 30.4 Vertical Head gate pier Concrete

55.0 next to ice Rock
chute

(Sheet 4 of 4)
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Table 4

Test Results for Slidin Friction Precut Concrete on Rock

--Shear rest Eno es
Peak Citimate

Peak Ultimate Angle Angle
Normal Shear Shear Cohesion, of Cohesion, of

Core Elevation Stress Stress Stress C, Friction, 0, C. Friction, o,
Material Hole _msl ft tsf tsf tsf tsf degrees tsf degrees

Concrete D-14 -1.07 2.0 2.45 1.98 1.75 24.70 0.92 23.28Slaty shale D-14 -5.87

Concrete D-33 -8.30 4.0 3.92 2.33Slaty shale D-33 -16.80

Concrete HG-2 -1.50 8.0 5.32 4.46
Slaty shale HG-2 -11.50

Concretc RW-55 -14.30 1.0 0.42 0.34 -0.19 33.53 -0.48 33.77
Slaty shale RW-55 -19.60

Concrete RW-37 -12.50 2.0 1.51 0.79
Slaty shale RW-37 -24.50

Concrete LW-22 -18.00 4.0 2.00 2.01
Slaty shale LW-22 -25.90

Concrete LW-1 -12.70 8.0 5.26 4.95
Slaty shale LW-I -25.50

Failure Envelope
for All Shear-
Friction Data 0.43 31.60 0.02 30.40

Table 5

Test Results for Shear Resistance Along Intact Bedding Planes of Slaty Shale Foundation Material

Shear Test Envelopes
Peak Ultimate

Peak Ultimate Angle Angle
Normal Shear Shear Cohesion, of Cohesion, of

Core Elevation Stress Stress Stress C, Friction, 0, C, Friction, 0,
Material Hole msl, ft tsf tsf tsf tsf degrees tsf degrees

Slaty Shale RW-37 -19.20 2.0 4.23 3.93 0.61 63.65 0.26 59.65

Slaty Shale LW-1 -22.20 4.0 9.33 6.26

Slaty Shale LW-22 -32.00 8.0 16.56 13.59

Slaty Shale D-14 -10.07 2.0 15.64 15.74 8.46 71.18 9.1C 58.83

Slaty Shale D-33 -15.70 4.0 18.23 10.70

Slaty Shale HG-2 -14.60 8.0 32.60 23.99

Failure Envelope
for All Shear- 4.54 68.02 4.68 58.75
Friction Data

4'
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Table 7
Failure 4ode of Pullout Specimen

Specimen Number Failure Mode

2 *

3

4

6

7 *

9

Slaty-shale foundation failed

, Concrete conditioning specimen failed.

t Failure at bond interface of grout
and slaty shale foundation.

7mie S

Characteristics and Pullov.. Strength of Test Specimens

Angle Hole Pullout Strength 
Core Core of Surface Total Pounds

Specimen Hole Depth Diameter Bonding Diameter Length Area Land per

Number Number ft in. Plane in. in. in.
2  

lb foot

LW-I 40.3 5.90 680 1.294 3.00 12.20 4580 18.000

2 LW-l 41.2 64
°  

2.99 12.16 6100 24,000

3 LW-22 67.5 500 3.08 12.52 6250 24,000

4 LW-22 68.8 500 3.17 12.89 6450 24,000

5 LW-22 70.5 450 3.19 12.93 7250 27,00C

6 D-33 46.5 450 3.19 12.97 7075 27,000

7 D-33 98.0 500 3.21 13.05 680t) 25,000

8 RW-55 59.5 65
°  

3.14 12.76 535C 20,000

9 RW-55 63.5 670 3.19 12.97 5700 21,000

0'i



Table 9

Engineering Properties for Use in Analysis

Numerical Value
Property Location Local Overall

Coefficient of sliding friction be- Land wall 300 24' 300 24'
tween concrete and foundation River wall
( ), deg Dam

Headgate

Cohesion between concrete and Land wall 0.04 0.04

foundation (C), ksf River wall
Dam
Headgate

Effective unit weight of Land wall 149.80 149.59
concrete (ym), pcf River wall 149.93

Dam 149.19
Headgate 149.30

Dry unit weight of concrete (¥d), Land wall 139.06 138.66

pcf River wall 139.16
Dam 137.69
Headgate 138.89

Effective unit weight of foundation Land wall 169.71 169.60
material (Ym), pcf River wall 169.20

Dam 169.50

Headgate 169.80

Dry unit weight of foundation Land wall 167.70 167.38

material (yd), pcf River wall -

Dam 167.07
Headgate -

Saturated unit weight of backfill Land wall 144 144

material (Ys), pcf

Dry unit weight of backfill mate- Land wall 115 115
rial (d), pcf

Modulus of Elasticity of Land wall 4.23 x 106 4.41 x 106
concrete (E c), psi River wall 4.50 x 10 6

Dam 4.59 x I06

Headgate 4.32 x 106

Poisson's ratio of concrete (p) Land wall 0.24 0.23
River wall 0.22
Dam 0.24
Headgate 0.21

(Continued)



Table 9 (Concluded)

Numerical Value
Property Location Local Overall

Modulus of elasticity of foundation Land wall 0.97 x 106 0.97 x 106

material (E f), psi River wall
Dam 0.97 x 106
Headgate -

Poisson's ratio of foundation Land wall 0.12 0.12
material (p) River wall -

Dam 0.12
Headgate -

Foundation material pullout Land wall 9 9
resistance based on area between River wall
grout and rock, kips/foot of Dam
depth Headgate

Compressive strength from uncon- Land wall 4400
fined compressive test of non- River wall
deteriorated concrete, psi Dam

Headgate

Tensile strength from tensile 295
splitting tests of nondeterio-
rated concrete, psi

Tensile strength from direct 198
tension tests of nondeteriorated
concrete, psi

Average tensile strength from 247
tensile splitting and direct

tension tests of nondeteriorated
concrete, psi

Compressive strength from uncon- 900
fined compressive test of slaty-
shale foundation, psi

Tensile strenght from direct 43
tension test of slaty-shale
foundation, psi

Angle of internal friction, * , 42-49
from triaxial test of slaty-
shale foundation (deg)

Cohesive strength, c, from 10-230
triaxial test of slaty-shale
foundation, psi

Il



Table 10

Probable Depths of Concrete Deterioration

Probable Depths
of Deteriorated Concrete

Locationi Monoliths Surface ft

Land Wall L-1-)1-3 Top I
Riverside 3 or greater

L-4-L-25A Top 0 to 3
Riverside 0 to I

River Wall R-28-R-35 Landside 0 to 3.5
R-36-)-R-67 0 to I

R-28-R-35 Top 0 to 3
R-36-'R-61 0 to 1
R-62-)R-6 7 0to 3

R-28-R-45 Riverside I to 2

R-46-4R-50 6

R-514-R-67 3

Dam Dl to D62 Exterior 0 to 0.1
Surface

Headgate Total Exterior 0 to 3
Section Section Surface



Table 11

Saturation Levels to Use in the Backfill

of the Land Wall Monoliths

Sections of Saturation Elevations for Saturation Elevations for
Land Side Lock Normal Operating Extreme Maintenance

Wall Conditions Conditions

Upper guide One-half way between
wall monolith upper pool and the top

of lock wall

Upper gate Upper pool elevation Upper pool elevation
monoliths

Lock chamber One-half way between Three-fourths way between
monoliths upper pool and lower upper pool and lower

pool elevations pool elevations

Lower gate One-half way between Three-fourths way between
monoliths upper pool and lower upper pool and lower

pool elevations pool elevations

Lower guide One-half way between One-half way between
wall monoliths upper pool and lower upper pool and lower

pool elevations pool elevations

.-.-- **
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Table 14

Monoliths as Represented by Stability Computations

Monolith
for Which3

Stability Monoliths Which Are
Was Represented by

Computed Stability Computation

IL-1 L-1

L-2 L-2I
L-3 L-3

L-5 L-4 through L-7

L-1 2 L-8 through L-15

L- 16 L- 16

L-20 L-17 through L-23

L-24 L-24

L-25 L-25

L-25A L-25A

R-34 R-33 and R-34

R-36 R-35 through R-38

R-44 R-40 through R-46

R-48 R-47 and R-48

4R-50 R-49 through R-54

R-55 R-5 5

D-14 D-1 through D-33

D-40 D-34 through D-62

Headgate Headgate monolith
monolith



Table 15

Areas of Critical Stress-Normal Operation

Monolith 5, Troy Lock and Dam

Normal Shear
o U (7 T I
xx yy zz xy yz zx

Element ksf ksf ksf ksf ksf ksf

61-64 -0.01 0.46 1.81 0.00 0.00 -0.06

129-132 -0.24 -0.44 -1.50 0.00 0.00 -0.16

237-240 0.01 -1.17 -4.68 0.00 0.00 -0.11

329-332 0.38 -0.22 -1.25 0.00 0.00 -0.65

593-596 4.06 0.96 -0.24 0.00 0.00 -0.78

625-628 -4.84 -3.19 -12.72 0.00 0.00 -0.31

717-720 -0.06 -2.36 -9.37 0.00 0.00 -2.59

733-736 2.90 0.75 0.10 0.00 0.00 -3.53

825-828 -0.87 -3.86 -14.56 0.00 0.00 -0.93

921-924 -2.91 -4.82 -16.38 0.00 0.00 -2.08

977-980 -2.91 -4.13 -13.60 0.00 0.00 2.01

1009-1012 -4.84 -5.01 -15.20 0.00 0.00 -2.18

1021-1024 -11.01 -11.19 -33.74 0.00 0.00 -9.45

1077-1080 -1.48 -3.53 -12.64 0.00 0.00 2.16

Note: Negative value denotes compressive stress and positive value
tensile stress for normal stress values.



Table 16

Areas of Critical Stress-Dewatered Condition

Monolith 5, Troy Lock and Dam

Normal Shear
aa a T
xx yy zz xy yz zx

Element ksf ksf ksf ksf ksf ksf

61-64 -0.01 -0.46 -1.81 0.00 0.00 -0.06

129-132 -0.24 0.44 -1.51 0.00 0.00 -0.16

237-240 0.01 -1.17 -4.68 0.00 0.00 -0.11

329-332 0.35 -0.22 -1.25 0.00 0.00 -0.65

593-596 4.27 1.08 0.04 0.00 0.00 -0.96

625-628 0.31 -3.06 -12.55 0.00 0.00 -0.29

717-720 0.42 -2.31 -9.65 0.00 0.00 -2.71

733-736 3.53 0.95 0.26 0.00 0.00 -3.96

825-828 -0.33 -3.81 -14.93 0.00 0.00 -1.11

921-928 -2.64 -4.93 -17.08 0.00 0.00 -2.71

977-980 -2.45 -4.00 -13.56 0.00 0.00 2.11

1009-1012 -5.45 -5.38 -16.08 0.00 0.00 -2.65

1021-1024 -11.48 -11.82 -35.78 0.00 0.00 -10.58

1077-1080 -1.32 -3.48 -12.60 0.00 0.00 2.02

Note: Negative value denotes compressive stress and positive value

tensile stress for normal stress values.



Table 17

Areas of Critical Stress-Normal Operation with Soil

Anchors Through Top of Monolith (Figure 77)

Monolith 5, Troy Lock and Dam

Normal Shear

oY (F ( T 'E
xx yy zz Xy yz zx

Element ksf ksf ksf ksf ksf -ksf

61 4.69 2.29 4.65 -0.97 -0.32 -0.91
62 -49.52 -15.40 -12.27 25.19 -1.23 27.39

63 -49.52 -15.40 -12.27 -25.19 1.23 27.39
64 4.69 2.29 4.65 0.97 0.32 -0.91

129 -6.26 -4.43 -11.43 0.01 -0.02 5.90
130 -6.28 -4.41 -11.42 0.01 -0.02 5.94
131 -6.28 -4.41 -11.42 -0.01 0.02 5.94
132 -6.26 -4.43 -11.43 -0.01 0.02 5.90

237 -49.76 -11.10 5.21 -25.20 1.22 27.37
238 4.47 6.61 22.12 0.97 0.31 -0.95
239 4.47 6.61 22.12 -0.97 -0.31 -0.95
240 -49.76 -I1.10 5.21 25.20 -1.22 27.37

329 -19.95 -13.19 -32.83 0.00 0.00 8.78
330 -19.94 -13.20 -32.83 0.00 0.00 8.78
331 -19.94 -13.20 -32.83 0.00 0.00 8.78
332 -19.95 -13.19 -32.83 0.00 0.00 8.78

593 2.65 0.45 -0.84 0.00 0.00 -1.20
594 2.65 0.45 -0.84 0.00 0.00 -1.20
595 2.65 0.45 -0.84 0.00 0.00 -1.20
596 2.65 0.45 -0.84 0.00 0.00 -1.20

625 -0.57 5.28 21.69 0.00 0.00 0.85
626 -0.57 5.28 21.69 0.00 0.00 0.85
627 -0.57 5.28 21.69 0.00 0.00 0.85
628 -0.57 5.28 21.69 0.00 0.00 0.85

717 -4.44 -6.01 -19.61 0.00 0.00 1.44
718 -4.44 -6.01 -19.61 0.00 0.00 1.44
719 -4.44 -6.01 -19.61 0.00 0.00 1.44
720 -4.44 -6.01 -19.61 0.00 0.00 1.44

733 -21.30 -12.47 -28.56 0.00 0.00 14.50
734 -21.30 -12.47 -28.56 0.00 0.00 14.50
735 -21.30 -12.47 -28.56 0.00 0.00 14.50
736 -21.30 -12.47 -28.56 0.00 0.00 14.50

(Continued)

Note: Negative value denotes compressive stress and positive value
tensile stress for normal stress values.



Table 17 (Concluded)

Normal Shear

xx yy zz xy yz zx
Element ksf ksf ksf ksf ksf ksf

825 -2.58 -6.48 -23.35 0.00 0.00 0.33
826 -2.58 -6.48 -23.35 0.00 0.00 0.33
827 -2.59 -6.48 -23.35 0.00 0.00 0.33
828 -2.58 -6.48 -23.35 0.00 0.00 0.33

921 -4.22 -7.24 -24.76 0.00 0.00 -4.14
922 -4.22 -7.24 -24.76 0.00 0.00 -4.14
923 -4.22 -7.24 -24.76 0.00 0.00 -4.14
924 -4.22 -7.24 -24.76 0.00 0.00 -4.14

977 4.70 1.79 2.45 0.00 0.00 -1.30
978 4.70 1.79 2.45 0.00 0.00 -1.30
979 4.70 1.79 2.45 0.00 0.00 -1.30
980 4.70 1.79 2.45 0.00 0.00 -1.30

1009 -6.92 -6.82 -20.34 0.00 0.00 -3.90
1010 -6.92 -6.82 -20.34 0.00 0.00 -3.90
1011 -6.92 -6.82 -20.34 0.00 0.00 -3.90
1012 -6.92 -6.82 -20.34 0.00 0.00 -3.90

1021 4.90 4.75 14.09 0.00 0.00 4.49
1022 4.90 4.75 14.09 0.00 0.00 4.49
1023 4.90 4.75 14.09 0.00 0.00 4.49
1024 4.90 4.75 14.09 0.00 0.00 4.99

1077 -0.69 -5.48 -21.22 0.00 0.00 2.30
1078 -0.69 -5.48 -21.22 0.00 0.00 2.30
1079 -0.69 -5.48 -21.22 0.00 0.00 2.30
1080 -0.69 -5.48 -21.22 0.00 0.00 2.30

" " i



Table 18

Areas of Critical Stress-Dewatered Condition with Soil

Anchors Through Top of Monolith (Figure 77)

Monolith 5, Troy Lock and Dam

Normal Shear
a 0 0 T T T
xx yy zz xy yz zx

Element ksf ksf ksf ksf ksf ksf

61 4.69 2.29 4.65 -0.97 -0.32 -0.91
62 -49.52 -15.40 -12.27 25.19 -1.23 27.39
63 -49.52 -15.40 -12.27 -25.19 1.23 27.39

64 4.69 2.29 4.65 0.97 0.32 -0.91

129 -6.25 -4.43 -11.43 0.01 -0.02 5.94
130 -6.25 4.41 -11.42 0.01 -0.02 5.94
131 -6.28 -4.41 -11.42 -0.01 0.02 5.94
132 -6.25 -4.43 -11.43 -0.01 0.02 5.94

237 -49.76 -11.10 5.21 -25.20 1.22 27.37
238 4.47 6.61 22.12 0.97 0.31 -0.95
239 4.47 6.61 22.12 -0.97 -0.31 -0.95
240 -49.76 -11.10 5.21 25.20 -1.22 27.37

329 -19.98 -13.20 -32.82 0.00 0.00 8.78
330 -19.97 -13.20 -32.82 0.00 0.00 8.78
331 19.97 -13.20 -32.82 0.00 0.00 8.78
332 19.98 -13.20 -32.82 0.00 0.00 8.78

593 2.87 0.58 -0.56 0.00 0.00 -1.38
594 2.87 0.58 -0.56 0.00 0.00 -1.38
595 2.87 0.58 -0.56 0.00 0.00 -1.38
596 2.87 0.58 -0.56 0.00 0.00 -1.38

625 -0.21 5.41 21.86 0.00 0.00 0.87

626 -0.21 5.41 21.86 0.00 0.00 0.87
627 -0.21 5.41 21.86 0.00 0.00 0.87
628 -0.21 5.41 21.86 0.00 0.00 0.87

717 -3.95 -5.96 -19.89 0.00 0.00 1.32
718 -3.95 -5.96 -19.89 0.00 0.00 1.32
719 -3.95 -5.96 -19.89 0.00 0.00 1.32
720 -3.95 -5.96 -19.89 0.00 0.00 1.32

733 -20.67 -12.27 -28.41 0.00 0.00 14.07
734 20.67 -12.77 -28.41 0.00 0.00 14.07
735 -20.67 -12.77 -28.41 0.00 0.00 14.07
736 -20.67 -12.77 -28.41 0.00 0.00 14.07

(Continued)

Note: Negative value denotes compressive stress and positive value
tensile stress for normal stress values.
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Table 18 (Concluded)

Normal Shear

xx yy zz xy yz zx
Element ksf ksf ksf ksf ksf ksf

825 -2.04 -6.44 -23.72 0.00 0.00 0.15
826 -2.04 -6.44 -23.72 0.00 0.00 0.15
827 -2.04 -6.44 -23.72 0.00 0.00 0.15
828 -2.04 -6.44 -23.72 0.00 0.00 0.15

921 -3.95 -7.35 -25.47 0.00 0.00 -4.78
922 -3.95 -7.35 -25.47 0.00 0.00 -4.78
923 -3.95 -7.35 -25.47 0.00 0.00 -4.78
924 -3.95 -7.35 -25.47 0.00 0.00 -4.78

977 5.19 1.92 2.49 0.00 0.00 -1.19
978 5.19 1.92 2.49 0.00 0.00 -1.19
979 5.19 1.92 2.49 0.00 0.00 -1.19
980 5.19 1.92 2.49 0.00 0.00 -1.19

1009 -7.53 -7.18 -21.19 0.00 0.00 -4.37
1010 -7.53 -7.18 -21.19 0.00 0.00 -4.37
1011 -7.53 -7.18 -21.19 0.00 0.00 -4.37
1012 -7.53 -7.18 -21.19 0.00 0.00 -4.37

1021 4.42 4.12 12.05 0.00 0.00 3.36
1022 4.42 4.12 12.05 0.00 0.00 3.36
1023 4.42 4.12 12.05 0.00 0.00 3.36
1024 4.42 4.12 12.05 0.00 0.00 3.36

1077 -0.52 -5.42 -21.18 0.00 0.00 2.16
1078 -0.52 -5.42 -21.18 0.00 0.00 2.16
1079 -0.52 -5.42 -21.18 0.00 0.00 2.16
1080 -0.52 -5.42 -21.18 0.00 0.00 2.16

14
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Table 19

Areas of Critical Stress-Normal Operation with

Posttensioning Through Culvert Wall (Figure 79)

Monolith 5, Troy Lock and Dam

Normal Shear
G ar a T T T
xx yy zz xy yz zx

Element ksf ksf ksf ksf ksf ksf

593 5.37 1.34 0.00 0.00 0.00 -1.29
594 5.37 1.34 0.00 0.00 0.00 -1.29
595 5.37 1.34 0.00 0.00 0.00 -1.29
596 5.37 1.34 0.00 0.00 0.00 -1.29

717 -0.60 -2.37 -8.99 0.02 0.04 -2.80
718 -0.61 -2.40 -8.86 -0.01 -0.06 -2.75

719 -o.61 -2.40 -8.86 0.01 0.06 -2.75
720 -0.60 -2.37 -8.99 -0.02 -0.04 -2.80

733 0.98 -0.14 -1.54 0.00 0.00 -2.47
734 0.97 -0.14 -1.54 0.00 0.00 -2.47
735 0.97 -0.14 -1.54 0.00 0.00 -2.47
736 0.98 -0.14 -1.54 0.00 0.00 -2.47

825 -1.35 -5.51 -12.98 0.89 -0.19 -2.11
826 -12.71 -7.19 -23.76 5.60 -5.02 8.50
827 -12.71 -7.19 -23.76 -5.60 5.02 8.50
828 -1.35 -5.51 -12.98 -0.89 0.19 -2.11

921 -14.76 -9.32 -29.05 -5.65 5.17 9.54
922 -3.03 -7.09 -18.80 -0.94 0.36 -1.02
923 -3.03 -7.09 -18.80 +0.94 -0.36 -1.02
924 -14.76 -9.32 -29.05 +5.65 -5.17 9.54

977 -1.80 -4.06 -14.46 0.00 0.00 2.22
978 -1.80 -4.06 -14.46 0.00 0.00 2.22

979 -1.80 -4.06 -14.46 0.00 0.00 2.22
980 -1.80 -4.06 -14.46 0.00 0.00 2.22

1009 -2.80 -5.19 -18.90 -0.02 0.31 -1.89
1010 -3.09 -5.58 -18.30 -0.01 0.26 -1.83
1011 -3.09 -5.58 -18.30 0.01 -0.26 -1.83

1012 -2.80 -5.19 -18.90 +0.02 -0.31 -1.89

1021 -10.11 -11.15 -34.49 0.00 0.00 -9.04
1022 -10.11 -11.15 -34.49 0.00 0.00 -9.04
1023 -10.11 -11.15 -34.49 0.00 0.00 -9.04
1024 -10.11 -11.15 -34.49 0.00 0.00 -9.04

(Continued)

Note: Negative value denotes compressive stress and positive value
tensile stress for normal stress values.



Table 19 (Concluded)

Normal Shear

Crxx ayy azz TxyT yz Tzx
Element ksf ksf ksf ksf ksf ksf

1077 -1.30 -4.45 -17.06 -0.04 0.13 4.07
1078 -1.32 -4.68 -16.86 -0.04 0.12 4.01
1079 -1.32 -4.68 -16.86 0.04 -0.12 4.01
1080 -1.30 -4.45 -17.06 0.04 -0.13 4.07



Table 20

Areas of Critical Stress-Dewatered Condition with

Posttensioning Through Culvert Wall (Figure 79)

Monolith 5, Troy Lock and Dam

Normal Shear
a a a T T T
xx yy zz xy yz zx

Element ksf ksf ksf ksf ksf ksf

593 5.59 1.47 0.27 0.00 0.00 -1.46
594 5.59 1.47 0.27 0.00 0.00 -1.46

595 5.59 1.47 0.27 0.00 0.00 -1.46
596 5.59 1.47 0.27 0.00 0.00 -1.46

717 -0.11 -2.32 -9.27 0.04 -0.04 -2.91
718 -0.12 -2.34 -9.14 -0.01 -0.06 -2.87
719 -0.12 -2.34 -9.14 0.01 0.06 -2.87
720 -0.11 -2.32 -9.27 -0.02 0.04 -2.91

733 1.60 0.06 -1.38 0.00 0.00 -2.89
734 1.60 0.06 -1.38 0.00 0.00 -2.89
735 1.60 0.06 -1.38 0.00 0.00 -2.89
736 1.60 0.06 -1.38 0.00 0.00 -2.89

825 -0.81 -5.47 -13.35 0.89 -0.19 -2.29
826 -12.17 -7.15 -24.12 5.60 -5.02 8.32
827 -12.17 -7.15 -24.12 -5.60 5.02 8.32
828 -0.81 -5.47 -13.35 -0.89 0.19 -2.29

921 -14.49 -9.43 -29.76 -5.65 -5.17 8.91
922 -2.77 -7.20 -19.51 -0.94 0.36 -1.66
923 -2.77 -7.20 -19.51 0.94 -0.36 -1.66
924 -14.49 -9.43 -29.76 5.65 -5.17 8.91

977 -1.21 -3.93 -14.42 0.00 0.00 2.32
978 -1.31 -3.93 -14.42 0.00 0.00 2.32
979 -1.31 -3.93 -14.42 0.00 0.00 2.32
980 -1.31 -3.93 -14.42 0.00 0.00 2.32

1009 -3.40 -5.56 -19.56 -0.02 0.31 -2.35
1010 -3.70 -5.95 -19.15 -0.01 0.26 -2.30
1011 -3.70 -5.95 -19.15 +0.01 -0.26 -2.30
1012 -3.40 -5.56 -19.76 0.02 -0.31 -2.35

1021 -10.58 -11.78 -36.53 0.00 0.00 -10.17
1022 -10.58 -11.78 -36.53 0.00 0.00 -10.17
1023 -10.58 -11.78 -36.53 0.00 0.00 -10.17
1024 -10.58 -11.78 -36.53 0.00 0.00 -10.17

(Continued)

Note: Negative value denotes compressive stress and positive value
tensile stress for normal stress values.
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Table 20 (Concluded)

Normal Shear

axx cryy azz Txy Tyz Tzx
Element ksf ksf ksf ksf ksf -ksf

1077 -1.13 -4.40 -17.01 -0.04 0.13 3.93
1078 -1.15 -4.63 -16.81 -0.04 0.12 3.87
1079 -1.15 4.63 -16.81 0.04 -0.12 3.87
1080 -1.13 -4.40 -17.01 0.04 -0.13 3.93
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Table 22

S tr'it |R8is t auce

Required Rock
Anchor Capacity

Depth of Vertical Needed per Foot of
Cont.ict with Monolith -hen Placed

Required Strut Monolith Base at 45* fro the

Reslstaice per Side of Monolith Required for Reaction Block
Foot of Monolith Requiring Strut Reaction BI.)ck* into the Foundation

Monolith kips Resistance ft kips

L-l 27 Riverside 0.5 38

L-2 39 55

L-3 52 74

L-4 - L-5 42 59

L-6 42 59

L-7 42 59

L-8 - L-14 61 86

L-15 61 86

L-16 40 57

L-17 49 69

L-1B - L-22 49 69

L-23 49 69

L-24 59 83

L-25 45 64

R-40 - R-48 27 38

R-49 - R-54 28 40

a Recommendcd renctton block size and reLnforcLig presented it Figure 8O.
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APPENDIX A:

STABILITY ANALYSIS

FOR

LOCK MONOLITHS,

DAM MONOLITHS,

AND HEADGATE MONOLITHS
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TR

SUBJECT COMPUTED BY: DATE: FILE NO.

Monolith L-2, Troy Lock and Damn
Stability Summary - No Posttentioning CEKDB:DT:SETN

Effective
Area of Factor Maximum
Base in of Safety Base

Compression Against Pressure
Load Case L..) Sliding (ksf)

Normal Operation 90.1 1.50 8.87

Normal Operation w~ith Earthquake 58.0 1.09 13.34

Flood Condition 100.0 1.93 7.67

Dewatered Condition 70.9 1.14 11.11

Dewatered Condition with Surcharge 62.1 1.05 12.54
Behind Monolith

.CV OCT If9 25
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SUBJECT: COMPUTED BY: DATE: FILE NO.
Monolith L-2, Tray Lock and Dam
Mximum Bearing Pressure -

JNo Posttensioning CHECKED BY: DATE: SHEET NO.

Maximum
Height Hydrostatic Intergranular Maximum

of Water Pressure Pressure Base
Over Toe at Toe at Toe Pressure

Load Case (ft) (ksf) (ksf) (ksf)

Normal Operation 22.33 1.40 7.47 8.87

Normal Operation with Earthquake 22.33 1.40 11.94 13.34

Flood Condition 37.70 2.36 5.31 7.67

Dewatered Condition 0.00 0.00 11.11 11.11

Dewatered with Surcharge Behind 0.0 0.00 12.54 12.54
Monolith

A7



SUJC:COMPUTED BY: DATE: FILE NO.

Monolith L-2, Troy Lock and Dam

Stability Sumary -After Post tensionin~ rEC#(EO BVi DATE: SHEET NO.

Effective
Area of Factor Maximum
Base in of Safety Base

Compression Against Pressure

Load Case M Sliding (ksf)

Normal Operation 99.8 1.70 8.87

Normal operation with Earthquake 73.1 1.24 11.98

Flood Condition 100.0 2.23 7.76

Dewatered Condition 82.9 1.27 10.51

Dewatered Condition with Surcharge 75.2 1.18 11.43
Behind Monolith

WES FORM NO.

ccV OT so" 125
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SUBE:~LT okadDm o COMPUTED flY: DAT E: FILE NO.

MaxmumBeaingPressure CHCE-Y AE HE
AtrPosttensioning CEKDB:DT:SETN~

Height Hydrostatic Intergranular Maximum
ofWater Pressure Pressure Base

Over Toe at Toe at Toe Pressure
Load Case (ft) (ksf) (ksf) (ksf)

Normal Operation 22.33 1.40 7.47 8.87

Normal Operation with Earthquake 22.33 1.40 10.58 11.98

Flood Condition 37.70 2.36 5.40 7.76

Dewatered Condition 0.00 0.00 10.51 10.51

Dewatered with Surcharge Behind 0.0 0.00 11.43 11.43
Monolith

WIS FORM tNO. 1

.EV OCT 1"11 25
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Monolith L- 2 ,Troy Lock and Dam
Normal Operation

BASE AREA PROPERTIES - Initial

Angle
Inertia Inertia Principle
About About X-Ax is

Principle Principle Makes With
Area X-Axis 'i-Axis X Bar Y Bar Z Bar X-Axis
(ft 2

) (ft 4
) (ft

4
) (ft) (ft) (ft) (Degrees)

935.2 113.236 45,573 12.54 -19.30 0.0 5.10

SUMMARY OF FORCES AND MOMENXTS - Initial

F F F M N Mx Y z xxYY zz
(kips) (ki's) (kivs) (ft-k) (ft-k) (ft-k)

-1191.3 0 3009.5 58.071 23,293 23,081

BASE PRESSURES - Initial

Pressure x Y z Pressure
Point Coordinate Coordinate Coordinate (,Kaf)

A 0.00 0.00 0.00 6.86

B 0.00 -31.75 0.00 7.38

E D
C 2.70 -31.75 0.00 6.53

D 2.70 -38.75 0.00 6.65 F

E 25.00 -38.75 0.00 -0.40 GN- A

v 25.00 -11.25 0.00 -0.85

G 22.40 0.00 0.00 -0.22

0 - r - "w ll 1111 1111 1111111111111111AJil



AD-AA94 b63 ARMY EN6INEER WATERWAYS EXPERIMENT STATION VICKSBUIRG MS F/6 13/13

EN61NEERING CONIJITION SUR VEY AND EVALUATION OF TROY LOCK AND OA--ETC(U)
JAN 81 C E PACE, R CAMPBELL, S WONG

UNCLASSIFIED WESMP C-78-6-2 NL;IEEEIIIIIEEEE
Ifllllllllflfl
IIIEIIIEEIIII
EIIEEEIIIEEEI
EIIIIIIIIIIIIl
EI/EEE//EIIEEI
EEEEEEEEE/////hI



Monolith L-2 * Troy Lock and Dam

BASE AREA PROPERTIES - Final

Angle
Inertia Inertia Principle
About About X-Axis

Principle Principle Makes With
Area X-Axis Y-Axis X gar Y Bar Z Bar X-Axis
.(ft

2
) (ft

4
) (ft

4
) (ft) (ft) (ft) (Desrees)

843.1 103,507 33,354 11.35 -19.33 0.00 4.78

SU1ARY OF FORCES AND MOMENTS - Final

F F F Mi M 1
x Y Z =C yy zz

(kips) (kips) (kips) (ft-k) (ft-k) (ft-k)

-1191.3 0.0 2996.0 57,797 23,065 23,081

BASE PRESSURES -

Pressure X Y Z Pressure
Point Coordinate Coordinate Coordinate (ksf)

A 0.00 0.00 0.00 6.92

B 0.00 -31.75 0.00 7.47

c 2.70 -31.75 0.00 6.59.

D 2.70 -38.75 0.00 6.71

DE 23.28 -38.75 0.00 0.00 G A

AG 21.21 0.00 0.00 0.00 .

Values are after iteration releasing tension at base-foundation
inter face.

Al



Monolith L-2 Troy Lock and Damn
Normal Operation w.ith E

BASE AREA PROPERTIES - Initial

Angle
Inertia Inertia Principle
About About X-Axis

Principle Principle Makes With
Area X-Axi~s Y-Axcis X Bar Y Bar Z Bar X-Axis

(t) (it
4
) (it

4
)_ (ft) (ft) (ft) (Degrees)

935.2 113,235 45,573 12.54 -19.30 0.0 5.10

SU~kfARY OF FORCES AND MOMENTS - Initial

F xF F z Hx NYz

(kips) (kips) (kips) (it-k) (it-k) (it-k)

-1628.7 0.0 2996.0 57,797 15,252 31.556

BASE PRESSURES - Initial

Pressure x Y z Pesr
Point Coordinate Coordinate Coordinate (ksi)

*A 0.00 0.00 0.00 8.82

B 0.00 -31.75 0.00 9.64

C 2.70 -31.75 0.00 8.32

0 2.70 -38.75 0.00 8.50

E 25.00 -38.75 0.00 -2.37 \6 -- A

F 25.00 -11.25 0.00 3.08

G 22.40 0.00 0.00 2.10

A1 2



If
Monolith L-2 Troy Lock and Dam

~'21Operation with Earthquake

BASE AREA PROPERTIES -Final*

Angle
Inertia Inertia Principle
About About X-Axis

Principle Principle Makes With
Area X-Axis Y-Axis X Bar Y Bar Z Bar X-Axis
.lft

2
) (ft

4
) (ft

4
) (ft) (ft) (ft) (Dearees)

542.2 65,618 8,974 7.46 -19.32 0.00 3.77

SUKIARY OF FORCES AD MOMENTS -Final

F F P 14 14x y z x yz
(kios) (kips) (kips) (ft-k) (ft-k) (ft-k)

-1628.7 0.0 2996.0 57,797 15,252 31,556

BASE PRESSURES - Final

Pressure X Y Z Pressure
Point Coordinate Coordinate- Coordinate (ksf)

A 0.00 0.00 0.00 10.56

B 0.00 -31.75 0.00 11.94

C 2.70 -31.75 0.00 9.82 F

D 2.70 -38.75 0.00 10.12A

AG
DE 15.55 -38.75 0.00 0.00

AG 13.41 0.00 0.00 0.00 6AF AE

Values are after iteration releasing tension at base-foundation
interface.

Al13



Monolith L-2, Troy Lock and Dam
Flood Condition

BASE AREA PROPERTIES - Initial

Angle
Inertia Inertia Principle
About About X-Axis

Principle Principle Makes With
Area X-Axis Y-Axis X Bar Y Bar Z Bar X-Axis
(ft

2
) (ft

4
) (ft

4
) (ft) (ft) (ft) (Degrees)

935.22 113,236 45,573 12.54 -19.30 0.00 5.10

SUDMARY OF FORCES AND MOMFNTS - Initial
F F F M4 M4 1

x y z xx yy zz
(kips) (kips) (kips) (ft-k) (ft-k) (ft-k)

-808.5 0.0 2605.3 50,289 23,917 15,665

BASE PRESSURES - Initial

Pressure X Y Z Pressure
Point Coordinate Coordinate Coordinate (ksf)

A 0.00 0.00 0.00 5.00

E p
B 0.00 -31.75 0.00 5.31 C B

C 2.70 -31.75 0.00 4.79 F

D 2.70 -38.75 0.00 4.86 A

E 25.00 -38.75 0.00 0.59

F 25.00 -11.25 0.00 0.32

G 22.40 0.00 0.00 0.71

A1 4



Monolith L-2, Troy Lock and Dam
Flood C,-ndition

BASE AREA PROPERTIES - Final

Angle
Inertia Inertia Principle
About About X-Axis

Principle Principle Makes With
Area X-Axis Y-Axis X Bar Y Bar Z Bar X-Axis
(ft

2
) (ft

4
) (ft

4
) (ft) (ft) (ft) (Degrees)

935.22 113,236 45,573 12.54 -19.30 0.00 5.10

SUKXARY OF FORCES AND MOMENTS - Final

F F V M M N
x y z xx yy zz

(kips) (kips) (kips) (ft-k) (ft-k) (ft-k)

-808.5 0.0 2605.3 50,289 23,917 15,665

*
BASE PRESSURES - Final

Pressure X Y Z Pressure
Point Coordinate Coordinate Coordinate (ksf)

A 0.00 0.00 0.00 5.00

B 0.00 -31.75 0.00 5.31

E D

C 2.70 -31.75 0.00 4.79 
C

D 2.70 -38.75 0.00 4.86 F

E 25.00 -38.75 0.00 0.59

F 25.00 -11.25 0.00 0.32

G 22.40 0.00 0.00 0.71

Values are after iteration releasing tension at base-foundation
interface.

A1 5
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Monolith L-2 , Troy Lock and Dam
Dewatercd Condition

BASE AREA PROPERTIES - Initial

Angle
Inertia Inertia Principle
About About X-Axis

Principle Principle Makes With
Area X-Axis Y-Axis X Bar Y Bar Z Bar X-Axis
(ft

2
) (ft

4
) (ft

4
) (ft) (ft) (ft) (Degrees)

935.2 113,236 45,573 12.54 -19.30 0.0 5.10

SUMMARY OF FORCES AND MOMENTS - Initial

F F F M M Hx y z xx yy zz
(kips) (kips) (kivs) (ft-k) (ft-k) (ft-k)

-1795.1 0.0 3662.2 70,651 24,355 34,780

BASE PRESSURES - Initial

Pressure X Y Z Pressure
Point Coordinate Coordinate Coordinate (ksf)

A 0.00 0.00 0.00 9.36
__ __ __ __ __ __ __ __ __ £ V

Cii
B 0.00 -31.75 0.00 10.17

C 2.70 -31.75 0.00 8.90 F

D 2.70 -38.75 0.00 9.08 A

E 25.00 -38.75 0.00 -1.46

F 25.00 -11.25 0.00 -2.16

G 22.40 0.00 0.00 1.22

Al6



Monolith L-2, Troy Lock and Dam
Dewatered Condition

BASE AREA PROPERTIES - Final

Angle
Inertia Inertia Principle
About About X-Axis

Principle Principle Makes With
Area X-Axis Y-Axis X Bar Y Bar Z Bar X-Axis
(ft

2
) (ft

4
) (ft

4
) (ft) (ft) (ft) (Degrees)

662.8 80,799 16,284 9.02 -19.34 0.00 4.18

SUMARY OF FORCES AND MOMENTS - Final

P F F M M Hx y z yy zz
(kips) (kips) (kips) (ft-k) (ft-k) (ft-k)

-1795.1 0.0 -3447.6 66,639 21,166 34,780

i*

BASE PRESSURES - Final

Pressure X Y Z Pressure
Point Coordinate Coordinate Coordinate (ksf)

A 0.00 0.00 0.00 10.00
E PC 0

B 0.00 -31.75 0.00 11.11 C B

LINE a

C 2.70 -31.75 0.00 9.47 F

D 2.70 -38.75 0.00 9.71 M

DE 18.70 -38.75 0.00 0.00 - A

SA~e AkEA
AG 16.48 0.00 0.00 0.00

Values are after iteration releasing tension at base-foundation
interface and applying full uplift under noncompressive area of base.

A17
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Mcnolith L-2 ,Tray Lock and O)am
n-'i.'ed C2:1,itioo with Surcharge Loai Behind Monolith

BASE AREA PROPERTIES - Initial

Angle
Inertia inertia Principle
About About X-AxciS

Principle Principle Makes With
Area X-Axis Y-Axis X Bar Y Bar Z Bar X-Axis
(ft

2
) (ft

4
) (ft 4

) (ft) (ft) (ft) (Degrees)

935.2 113,236 45,572 12.54 -19.30 0.00 5.10

SU{ARY OF FORCES AND MOMENTS - Initial

F F F M M Mx y z xt yy zz
(kips) (kips) (kcips) (ft-k) (ft-k) (ft-k)

-1904.0 0.0 3662.2 70,651 22,308 36,890

BASE PRESSURES - Initial

Pressure x Y Z Pressure
Point Coordinate Coordinate Coordinate (ksf)

A 0.00 0.00 0.00 9.87

B 0.00 -31.75 0.00 10.76C B

C 2.70 -31.75 0.00 9.37 F

D 2.70 -38.75 0.00 9.56 GA

E 25.00 -38.75 0.00 -1.97

F 25.00 -11.25 0.00 -2.74

G 22.40 0.00 0.00 -1.71

A18



Monolith L-2 Troy Lock and Dam
[Jewatered C'-nditz- i . Zr:arge Load Behind Monolith

BASE AREA PROPERTIES - Final

Angle
Inertia Inertia Principle
About About X-Axis

Principle Principle Makes With
Area X-Axis 'f-Axis X Bar Y Bar Z Bar X-Axis
(ft

2
) (ft

4
) (ft

4
) (ft) (ft) (ft) (Degrees)

580.6 70,450 10,988 7.96 -19.34 0.0 3.94

SUMM4ARY OF FORCES AND MOMENTS - Final

F F F M M M
x y z 20t yy zz

(kips) (kips) (kips) (ft-k) (ft-k) (ft-k)

-1904.0 0.0 3377.6 65,285 18,325 36,890

BASE PRESSURES - Final

Pressure X Y Z Pressure
Point Coordinate Coordinate Coordinate (ksf)

A 0.00 0.00 0.00 11.12

B 0.00 -31.75 0.00 12.54

E VE p

C 270 3175 .0 1044C

C 2.70 -31.75 0.00 10.44

DE 16.58 -38.75 0.00 0.00 G TA

AG 14.36 0.00 0.00 0.00 Noco*; C-Mt'M

M~SE AREA

Values are after iteration releasing tension at base-foundation
interface and applying full uplift under noncompressive area of base.

Al19
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SUBJECT: COMPUTED BY: DATE: FILE NO.

Monolith L-3, Troy Lock and Dam
Stability Summary - No Posttensioning CHECKED BY: DATE: SHEET NO.

Effective
Area of Factor Maximum
Base in of Safety Base

Compression Against Pressure
Load Case M Sliding (ksf)

Normal Operation (Most critical 92.4 1.26 7.81
condition of upper pool in lock
chamber and no gate thrust)

Normal Operation with Earthquake 55.1 0.93 12.30

Flood Condition 97.7 1.29 7.15

Dewatered Condition 68.2 0.91 9.51

Dewatered Condition with Surcharge 61.6 0.84 10.41
Load Behind Monolith

WEs Om NO. 1253

REV OCT It"

A28
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SUBJECT: COMPUTED BY: DATE: FILE NO.
Monolith L-3, Troy Lock and Dam
Mximum Bearing Pressure -
No Posttensioning CHIECKED BY: DATE: 1SHEET NO.

Maximum
Height Hydrostatic Intergranular Maximum

of Water Pressure Pressure Base
Over Toe at Toe at Toe Pressure

Load Case (ft) (ksf) (ksf) (ksf)

Normal Operation (Most critical 22.81 1.43 6.38 7.81
condition of upper pool in lock
chamber and no gate thrust)

Normal Operation with Earthquake 22.81 1.43 10.87 12.30

Flood Condition 38.18 2.39 4.76 7.15

Dewatered Condition 0.00 0.00 9.51 9.51

Dewatered Condition with Surcharge 0.00 0.00 10.41 10.41
Load Behind Monolith

IES FORMI NO. 1253

BYOCT INS

A29
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SUBJECT: COMPUTED BY: DATE: FILE NO.

Monolith L-3, Troy Lock and Dam
Stability Summary - After Posttensioninei1 CHECKED BY: DATE: SHEET NO.

Effective
Area of Factor Maximum
Base in of Safety Base

Compression Against Pressure

Load Case (2 Sliding (ksf)

Normal Operation (Most critical 99.5 1.35 7.59

condition of upper pool in lock
chamber and no gate thrust)

Normal Operation with Earthquake 70.3 1.00 10.63

Flood Condition 100.0 1.39 6.97

Dewatered Condition 81.0 0.98 8.63

Dewatered Condition with Surcharge 75.2 0.90 9.18
Load Behind Monolith

WES r0"M NO. 1253

REV OCT Is"O
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SUBJECT: COMPUTED BY: DATE: FILE NO.
Aonolith L-3, Troy Lock and Dam
4ximum Bearing Pressure -

kfter Posttensioning CHECKED BY: OATEt SHEET t..

Maximum

Height Hydrostatic lntergranular Maximum
of Water Pressure Pressure Base
Over Toe at Toe at Toe Pressure

Load Case (ft) (ksf) (ksf) (ksf)

Normal Operation (Most critical 22.81 1.43 6.16 7.59

condition of upper pool in lock
chamber and no gate thrust)

Normal Operation with Earthquake 22.81 1.43 9.20 10.63

Flood Condition 38.18 2.39 4.58 6.97

Dewatered Condition 0.00 0.00 8.63 8.63

Dewatered Condition with Surcharge 0.00 0.00 9.18 9.18
Load Behind Monolith

was FORM NO. 15
REV OCTI" 1253
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Monolith L-3 , Troy Lock and Dam
Normal Op oration (17pp 1 Z;-i.;ber)

BASE AREA PROPERTIES - Initial

Angle
Inertia Inertia Principle
About About X-Axis

Principle Principle Makes With
Area X-Axis Y-Axis X Bar Y Bar Z Bar X-Axis
(ft

2
) (ft

4
) (ft

4
) (ft) (ft) (ft) (Degrees)

837.92 91,834 38,205 13.54 17.35 0 -6.96

SUMMARY OF FORCES AND MOMENT9'- Initial

F F F M M Mx y z x yy zz

(kips) (kips) (kips) (ft-k) (ft-k) (ft-k)

-1096.82 0.00 -2310.66 -40,866.1 20,922.0 19,641.9

,
BASE PRESSURES - Initial

Pressure X Z Pressure
Point Coordinate Coordinate Coordinate (ksf) A

A 0.00 0.00 0.00 5.94 C1

B 25.24 0.00 0.00 -0.89

C 25.24 36.00 0.00 0.11

D 3.45 36.00 0.00 6.01

E 3.45 17.00 0.00 5.48

F 0.00 14.00 0.00 6.33

Axis rotated to coincide with sliding plane.

A32
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Monolith L-3 ,Troy Lock and Dam
:>rml ~ i.(69per Pool in. Chamber)

BASE AREA PROPERTIES -Final

Angl e
Inertia Inertia Principle
About About X-Axis

Principle Principle Makes With
Area X-Axis Y-Axis X Bar Y Bar Z Bar X-Axi:s
.(f 2 ) (ft

4
) (ft

4 ) (ft) _(ft) (ft) (Dgree

774.06 86,466 29,378.3 12.68 17.84 0.00 -10.84

S1Th%1ARY OF FORCES AND MOMENTSt Final"

F F F M M M
x y z IC y z z

(kips) (kips) (kips) (ft-k) (ft-k) (ft-k)

-1096.82 0.00 -2310.66 -40,866.1 20,922.0 19,641.9

BASE PRESSUThES - Final"

Pressure X Y Z Pressure
Point Coordinate Coordinate Coordinate (ksf) A F

A 0.00 0.00 0.00 5.96 E

AB 21.50 0.00 0.00 0.00
___ ___ __ ___ ___ __ __is_ B C

BC 25.24 34.14 0.00 0.00

C 25.24 36.00 0. 00 0.06 &M~E ALEA

D 3.45 36.00 0.00 6.10

E 3.45 17.00 0.00 5.52

F 0.00 14.00 0.00 6.38

**Axis rotated to coincide with sliding plane.
Values are after iteration releasing tension at base-foundation

interface.
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Monolith L-3 , Troy Lock and Dam
Normal Operation vi.rh F~::

BASE AREA PROPERTIES -Initial

Angle
Inertia Inertia Principle
About About X-Axis

Principle Principle Makes With
Area X-Axis Y-Axis X Bar Y Bar Z Bar X-Axis
(it 2

) (it 4
) (ft 4

) (it) (ft) (it) (Degrees)

837.92 91,834 38,205 13.54 17.35 0 -6.97

SUTIARY OF FORCES AND MOM1EN TS - Initial

Fx Fy z Mx yy zz
(kips) (kips) (kips) (ft-k) (ft-k) (ft-k)

-1452.41 0.00 -2261.18 -39,976.3 13,874.4 26,042.6

BASE PRESSURES -Initial

Pressure x Y z Pressure
Point Coordinate Coordinate Coordinate (ksf)F

A 0.00 0.00 0.00 7.92

B 25.24 0.00 0.00 -3.08

B C
C 25.24 36.00 0.00 -1.67

D 3.45 36.00 0.00 7.83

E 3.45 17.00 0.00 7.09

F 0.00 14.00 0.00 8.47

Axis rotated to coincide with sliding plane.
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Monolith L-3 *Troy Lock and Damn
Normal Operation with Earthquake

BASE AREA PROPERTIES - Final

Angl1e
Inertia Inertia Principle
About About X-Axis

Principle Principle Makes With
Area X-Axcis Y-Auxis X Bar Y Bar Z Bar X-Axis
(f-

2
) (fr

4
) (ft

4
) (ft) (ft) (ft) (Degrees)

462.00 52,791 6360 8.34 17.84 0 -8.53

STMMARY OF FORCES AND MOYENTS * Final"

Fx Fy z a yy zz
(kips) (kips) (kips) (ft-k) (ft-k) (ft-k)

-1452.41 0.00 -2261.18 -39,976.3 13,874.4 26,042.6

BASE PRESSURES -Final

Pressure x Y Z Pressure
Point Coordinate Coordinate Coordinate (ksf)

A 0.00 0.00 0.00 9.58

AB 12.61 0.00 0.00 0.00 lE

CD 16.99 36.00 0.00 0.00

D 3.45 36.00 0.00 10.29

E 3.45 17.00 0.00 8.53

F 0.00 14.00 0.00 10.87

~Axis rotated to coincide zith sliding plane.
Values are after iteration releasing tension at baee-foundation

interface.

A35
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Monolith 1-3 , Troy Lock and Dam
Flood C,.lirion

BASE AREA PROPERTIES - Initial

Angle
Inertia Inertia Principle

About About X-Axis

Principle Principle Makes With

Area X-Axis Y-A:xis X Bar Y Bar Z Bar X-Axis

(ft
2
) (ft

4
) (ft

4
) (ft) (ft) (ft) (Degrees)

837.92 91,834 38,205 13.54 17.35 0.00 -6.97

*

SL.ARY OF FORCES AND MOMENTS - Initial

F F F M M 4
x y z xx yy zz

(kips) (kips) (kios) (ft-k) (ft-k) (ft-k)

-881.36 0.00 -1884.61 -33,686.6 18,228.1 15,831.6

BASE PRESSURES - Initial

Pressure x y 2 Pressure
Point Coordinate Coordinate Coordinate (ksf)

A 0.00 0.00 0.00 4.41
A 2

B 25.24 0.00 0.00 -0.41

C 25.24 36.00 0.0O0 0. 47

D 3.45 36.00 0.00 4.64

E 3.45 17.00 0.00 4.17

F 0.00 14.00 0.00 4.76

Axis rotated to coincide with sliding plane.
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monolith 1-3 , Troy Lozk and Dam
Flood Condition

BASE AREA PROPERTIES - Final

Angle
Inertia Inertia Principle
About About X-Axis

Principle Principle Makes With
Area X-Axis Y-Axis X Bar Y Bar Z Bar X-Axis
(ft

2
) (ft

4
) (ft

4
) (ft) (ft) (ft) (Degrees)

818.35 89,559 35,070 13.28 17.62 0.00 -9.61

SUMMARY OF FORCES AND MOMENTS - Final

F F F M M M
x y z xx yy zz

(kips) (kips) (kips) (ft-k) (ft-k) (ft-k)

-881.36 0.00 -1884.61 33,686.6 18,228.1 15,831.6

BASE PRESSURES - Final

Pressure X Y Z Pressure

Point Coordinate Coordinate Coordinate (ksf)

A 0.00 0.00 0.00 4.41 A F

AB 22.99 0.00 0.00 0.00

BC 25.24 17.36 0.00 0.00 S

C 25.24 36.00 0.00 0.46 BP s -

D 3.45 36.00 0.00 4.65

E 3.45 17.00 0.00 4.18

F 0.00 14.00 0.00 4.76

**Axis rotated to coincide with sliding plane.
Values are after iteration releasing tension at base-foundation

interface.
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Monolith t-3, Troy Lock and Dam
¢:r Condition

BASE AREA PROPERTIES- Initial

Angle
Inertia Inertia Principle
About About X-Axis

Principle Principle Makes With
Area X-Axis Y-Axis X Bar Y Bar Z Bar X-Axis
(ft

2
) (ft

4
) (ft

4
) (ft) (ft) (ft) (Degrees)

837.92 91,834 38,205 13.54 17.35 0 -6.97

SUMMARY OF FORCES ANT MOMENTS*- Initial

F F F M M M
x y z xx yy zz

(kips) (kips) (kips) (ft-k) (ft-k) (ft-k)

-1629.31 0.00 -2657.63 -47,045.1 20,321.5 29,217.4

BASE PRESSURES - Initial

Pressure X Y Z Pressure
Point Coordinate Coordinate Coordinate (ksf)

A 0.00 0.00 0.00 8.02 A F

B 25.24 0.00 0.00 -2.29

C 25.24 36.00 0.00 -0.87 6

D 3.45 36.00 0.00 -8.03

E 3.45 17.00 0.00 7.28

F 0.00 14.00 0.00 8.57

Axis rotated to coincide with sliding plane.
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Monolith L-3, Troy Lock and Dam
Dewatered Condi-icr

BASE AREA PROPERTIES - Final

Angle
Inertia Inertia Principle
About About X-Axis

Principle Principle Makes With
Area X-Axis Y-Axis X Bar Y Bar Z Bar X-Axis
(ft

2
) (ft

4
) (ft

4
) (ft) (ft) (ft) (Degrees)

571.51 64,010 11,916 9.87 17.91 0.00 -9.38

SUKAARY OF FORCES AND MOMENTS*- Final**

F F F M M H
x y z xx yy zz

(kips) (kips) (kips) (ft-k) (ft-k) (ft-k)

-1629.26 0.00 -2495.64 -44,453.6 17,916.6 29,174.2

BASE PRESSURES*- Final"

Pressure X Y Z Pressure
Point Coordinate Coordinate Coordinate (ksf)

A 0.00 0.00 0.00 8.54 A F

____fl__
AB 15.55 0.00 0.00 0.00

CD
CD 20.12 36.00 0.00 0.00 B AMA C

D 3.45 36.00 0.00 9.15

E 3.45 17.00 0.00 7.83

F 0.00 14.00 0.00 9.51

,*Axis rotated to coincide with sliding plane.
Values are after iteration releasing tension at base-foundation
interface and applying full uplift under noncompressive area of base.
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Monolith L-3, Troy Lock and Dam
Dewarerm4 Co-ndition with Stircharee fo, !- q 4.d '!cnolith

BASE AREA PROPERTIES - Initial

Angle
Inertia Inertia Principle
About About X-Axis

Principle Principle Makes With
Area X-Axis Y-Axis X Bar Y Bar Z Bar X-Axis
(ft2) (ft4 ) (ft4 ) (ft) (ft) (ft) (Degrees)

837.92 91,834 38,205 13.54 17.35 0.00 -6.96

SUMMARY OF FORCES AND MOMENTS - Initial

F F F M M M
x y z xx yy zz

(kips) (kips) (kip.) (ft-k) (ft-k) (ft-k)

-1732.67 0.00 -2641.50 46,797.40 19,097.60 31,035.50

BASE PRESSURES - Initial

Pressure X Y Z Pressure
Point Coordinate Coordinate Coordinate (ksf) A F

A 0.00 0.00 0.00 8.32 E

B 25.24 0.00 0.00 -2.65
_ _ _ _ _ _ _ _ _ _ _ _ _-------__ _ B C

C 25.24 36.00 0.00 -1.16

D 3.45 36.00 0.00 8.31

E 3.45 17.00 0.00 7.52

F 0.00 14.00 0.00 8.90

A40
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Monolith L-3, Troy Lock and Dam
Dewatered Condition with l', -r;z L.ds Behind Monolith

BASE AREA PROPERTIES*- Final*

Angle
Inertia Inertia Principle
About About X-Axis

Principle Principle Makes With
Area X-Axis Y-Axis X Bar Y Bar Z Bar X-Axis
(ft

2
) (ft

4
) (ft

4
) (ft) (ft) (ft) (Degrees)

516.25 57,874 8817 9.10 17.91 0.00 -9.06

=**

SUMMARY OF FORCES AND MOMENTS*- Final"
F F F M N M
x y z xxyy zz

(kips) (kips) (kips) (ft-k) (ft-k) (ft-k)

-1732.67 0.00 -2446.89 -43,596.9 16,302.3 31,035.5

BASE PRESSURES - Final"

Pressure X Y z Pressure A F
Point Coordinate Coordinate Coordinate (ksf) =

A 0.00 0.00 0.00 9.22 U

C!AB 13.99 0.00 0.00 0.00 6

CD 18.62 36.00 0.00 0.00

D 3.45 36.00 0.00 10.00

E 3.45 17.00 0.00 8.39

F 0.00 14.00 0.00 10.41

,:Ais rotated to coincide with sliding plane.
Values are after iteration releasing tension at base-foundation
interface and applying full uplift under nor.coupressive area of base.
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SUBJECT: COMPUTED BY: DATE: FILE '0.

J Monolith L-3, Troy Lock and Damn
Relocation of Center of Moments CHECKED BY: DATE: SHEET NO.

tFx Myy Myy -Myy -04Fx
Load Case (kips) (ft-k) (ft-k)

Normal Operation (most critical 768.23 21,290.77 20,922.02
condition of upper pool in lock
chamber and no gate thrust)

Normal Operation with Earthquake 1127.24 14,415.46 13,874.38

Flood Condition 613.48 18,522.54 18,228.07

Dewatered Condition 1178.14 29,717.59 29,152.08

Dewatered Condition Plus Sur- 1282.54 27,939.66 27,324.04
charge

Uplift not included.

was FORM too. 12S3
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SUSJECT: COMPUTED BY; DATE: FILE NO.

Monolith L-5, Troy Lock and Dam
Percent Effective Base
(After Posttensionins) CHECKED BY: DATE: SHEET NO.

Sum of Sum Resultant Percent
Vertical of Moment Effective
Force Moments Arm Base

M 3ee -- 3_% 100
FV M FV b

Load Case (kips) (ft-kips) (ft) (1)

Normal Operation 105.99 666.93 6.29 100.0

Normal Operation 105.77 640.08 6.04 100.0
with Hawser

Normal Operation 105.99 397.55 3.75 75.0
with Earthquake

Normal Operation 101.25 935.16 9.19 100.0
with Impact

*Normal Operation 87.95 955.85 10.87 82.6
with Ice

Dewatered Condition 97.95 427.98 4.37 87.4

Flood Condition 88.90 739.31 7.55 100.0

Dewatered Condition 97.95 367.17 3.75 75.0
with Surcharge

Reactions on stepped base neglected (conservative approach).
Percent effective base = (b-e)/b * 300.

55$ CC T N1O 1253
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SUBJECT: COMPUTED BY: DATE: FILE NO.

Monolith L-12, Troy Lock and Dam
Effective Base
(After Posttensioning) CHECKED BY: DATE: SHEET NO.

Sum of Sum Resultant Percent

Base Vertical of Moment Effective
Width Forces Moments Arm Base

M
F e

m

b FV M Fv 3e * I00
b

Load Case (ft) (kips) (ft-kips) (ft) (1)

Normal Operation 16 106.74 679.56 6.37 100.0

Normal Operation 16 106.44 634.57 5.96 100.0
with Hawser

Normal Operation 16 106.74 427.53 4.01 75.1
with Earthquake

* **
Flood Condition 16 85.26 693.09 8.13 100.0

Devatered Condition 16 103.32 477.82 4.62 86.7

Normal Operation 16 62.02 622.66 10.04 100.0
with Ice

Dewatered Condition 16 101.52 406.37 4.00 75.0
with Surcharge

Reactions on stepped base neglected (conservative approach).
Percent effective base - (b-e)/b t 300.

was IOn NO. 1253
ZEV OCT 1253
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SUBJECT: COMPUTED BY: DATE: FILE NO.

Monolith L-20, Troy Lock and Dam
Percent Effective Base
(After Posttensioning) CHECKED BY: DATE: SHEET NO.

Sum of Sum Resultant Percent
Base Vertical of Moment Effective
Width Forces Moments Arm Base

M

b V M F V 3e *100b
Load Case (ft) (kips) (ft-kips) (ft) (Z)

Normal Operation 30 145.90 1346.81 9.23 92.3

Normal Operation 30 145.64 1294.67 8.89 88.9
with Hawser

Normal Operation 30 145.90 909.01 6.23 62.3
with Earthquake

Dewatered Condition 30 150.90 1204.07 7.98 79.8

Flood Condition 30 119.56 1318.80 11.03 100.0

Dewatered Condition 30 149.37 1120.25 7.50 75.0
with Surcharge

Ws Fo NO. 1253
REV OCT I9 1
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Damn Spillway Monoliths DI-D33, Troy L&D - Percent Effective Base

(No Poattensioning)

Sum of Resultant Percent
Base Vertical Sum of Moment Effective
Width Forces Moments Arm BaseM 3e..O
b F M e M

V- b
LOAD CASE ft kips ft-kips ftV  %

NORMAL OPERATION
With Impact or
Ice, Upper Pool
at EL 16.33 and
Lower Pool at
EL -2.0 28.00 22.01 248.60 11.29 100.0
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Dam Spillway Monoliths D1-D33, Troy L&D - Percent Effective Base

(After Posttensioning)

Sum of Resultant Percent
Base Vertical Sum of Moment Effective
Width Forces Moments Arm Base

b F* M e =300

V ~ Vb
LOAD CASE ft kips ft-kips ft %

NORMAL OPERATION
With Impact or
Ice, Upper Pool
at EL 16.33 and
Lower Pool at
EL -2.0 28.00 24.75 320.22 12.94 100.0
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Dam Spillway Monoliths D34-D62, Troy L&D - Percent Effective Base

(No Posttensioning)

Sum of Resultant Percent
Base Vertical Sum of Moment Effective
Width Forces Moments Arm Base

b FV M e - b e*100

LOAD CASE ft kips ft-kips ftV %_

NORMAL OPERATION 28.00 21.48 301.86 14.05 100.0
(Most Critical
Condition With
Upper Pool at
EL 18.0 and Lower
Pool at EL 0.0)

NORMAL OPERATION 28.00 21.48 274.77 12.79 100.0

WITH EARTHQUAKE

NORMAL OPERATION 28.00 21.48 200.21 9.32 99.9
WITH IMPACT

FLOOD CONDITION 28.00 18.90 213.65 11.30 100.0
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Dam Spillway Monoliths D34-D62, Troy L&D - Percent Effective Base

(After Posttensioning)

Sum of Resultant Percent
Base Vertical Sum of Moment Effective
Width Forces Moments Arm Base

b e=M b-e*300
b FV HV b

LOAD CASE ft kips ft-kips ft

NORMAL OPERATION 28.00 27.86 469.06 16.84 100.0
(Most Critical
Condition With
Upper Pool at
EL 18.0 and Lower
Pool at EL 0.0)

NORMAL OPERATION 28.00 27.86 441.97 15.86 100.0
WITH EARTHQUAKE

NORMAL OPERATION 28.00 27.86 367.41 13.19* 100.0
WITH IMPACT

FLOOD CONDITION 28.00 25.28 380.85 15.07 100.0

* Percent effective base = *300
b
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Dam Spillway, Monoliths D34-D62, Troy L&D - Weight of Structure (Continued)

Section Factors FV Arm Moment

1 1/2 (4)(4)(1)(.15) 1.20 25.33 30.40

2 (1)(4)(1)(.15) 0.60 26.00 15.60

3 (5)(1.45)(1)(.15) 1.09 23.28 23.38

4 58.50 21.91 20.99 40.09
360 n (5) (.15)

5 (1/2)(2.61)(5.86)(.15) 1.15 17.18 22.06

6 (8.48)(11.31)(.15) 14.39 22.34 321.47

7 -1/2 nL (2- (.15) -0.37 22.0 -8.14

8 -(4.75)(2.5)(.15) -1.78 22.0 -39.16

9 (1/2)(8.48)(5.02)(.15) 3.19 15.02 47.91

10 (3.85)(16.33)(.15) 9.43 19.84 187.09

11 1/2 (3.85)(2.34)(.15) 0.68 10.89 7.41

12 5872 n (8)2 (.15) 4.92 8.58 42.21360

13 -(1/2)(8)(4.5)(.15) -2.70 7.33 -19.79

14 -(1/2)(8)(4.5)(.15) -2.70 6.33 -17.09

15 (3)(28)(.15) 12.60 14.00 176.40

16 -(1/2)(.5)(.5)(.15) -0.02 0.17 -0.00

TOTAL 43.59 831.84
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Dam Spillway, Monoliths D34-D62, Troy L&D - Weight of Water on Structure During
Flood Condition

Section Factor Fv Arm Moment158.72) 8
1 ( " " (.0625) 2.05 27.33 15.03

1/2(23.17 - 16.33)(5.00 - 0.85)(0.0625) -0.89 7.11 -6.33

2 (4.83)(3 + 0.85)(.0625) 1.16 2.42 2.81

1/2 (.5)(.5)(.0625) 0.01 0.17 0.00

3 1/2(16.33 - 8.16)(14.33 - 0.85)(.0625) 3.44 14.39 49.50

4 (28 - i
6
.33)(1

4
.33 - .85)(0.0625) 9.83 5.84 57.41

5 1/2(2.8)(5)(.0625) 0.44 21.71 7.55

1/2(2.8)(5)(.0625) 0.44 20.56 9.05

(/58.32( )0 (5)2(.0625) -0.80 21.09 -16.87

6 (28 - 5.36)(28.7 - 14.33)(.0625) 20.33 11.32 230.14

Gallery [(1/2) i (1.25)
2 
+ (4.75)(2.5)][.0625) 0.90 22.00 19.80

TOTAL 36.91 370.44
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Dam Spillway Monoliths D34-D62, Troy Lock an!d Dam

Forces and moments after posttensioning
(for normal operation with impact condition)

F' = FV + PS * Cos 8

FV = 21.48 + 12.77 * cos 600V

F' 27.86 kips

F% = F Hi PS * sin e

F' = -21.90 + 12.77 * sin 600

F' = -10.84 kips

M = M1 + PS* Cos 0 * ARlMv~ + PS *sin 0 *RM

M = 200.21 + 12.77 * cos 600* (28 - 15.67) + 12.77 *sin 600* [2 -(-6)]

M = 367.41 ft-kips

- ' 367.41
e - 27.86 = 13.19 ft

Base pressures after posttensioning

b b /28)\ 31 28

f =v v(t -e)2 27.86 +(27.86)(-2 11 2 =1.00 + 0.17
b /12 28 -(28) /12

f hel=0.83ksf

f te= 1.17 ksf
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SUBJECT: COMPUTED BY; GAT .Et FILE NO.

HAD G*TC MO&JLIh
TRW'DV AWL)~ MD"M CKCCKEO By% DATE: SHEET NO.

STA64LJTY SOA1MAOLT

%w X. C

:tL'

-a 2-~(

00

Vj4Z 2 :,

C7

400

t -2

Qij

2.
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SUBJECT COMPUTED Y: OATE: FILE NC.
HEAD GATE MONOLITH
"TR~y LjOr- ADI CHECKEO BY: OATE: sHEET NO.

MAMIMUM FEARING PRES URES

j A

i uo

CC IL

g= r- -J "

kn0

CZ2

tLg~ C 'e

%UQ

(A. or

NZ, \ il:-

_ _ _ _ -: I I _ _ 3
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ffEAtj GATE MOIW1UTH 7R0( LO~CK AMDT

qo~m~j OPE RAllo 0

BPASC Af\rE1% PZclPE3TIES - ITNIIAL

x -Abc.., Y-fills fA1V WIT

~335. 4Z. 252-891.4 6eCA29.4f1 17.116 ~ .. 96

Surv,\ARbW?. OF ro~.ces AwD MOMIC1,TS - TwTIAL

KIOPS) (KIPS) (Kips (FT'- K (FT-K) (Pr-K)

561.84- -36.11 -259795 -63943.o 42.5 7.o 0

s;'ot~RE CfQ~(jT Ymv Z~~

A 13.00 0.00 0 1.,0

5 4.00 6.oo 0 1.64.
c 1.00 0.50 0 1c911 L A

E 0.00 4.00 0 2.034

F 0.00 8.78 0 2.~

3.00 1-78 0 2.17N cwftassro4J

L 31.00 62.53 0 2. 155

IA___ 3 f.00 0,00 0 14117
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VEAt' CATg AIOIOLIT14 TkoyLoct 7&l P~APA

N4oizAt OPCMT(o0

BASE PORf PR 'Di=TIES- FIWAL

133&.7 Pq1i.4L PkiS.4L yme 0el !R X-AI

SurV'PJ-q OF FoaCeS Am.D WMOMCKTS - mt

F. Fy F %V7

CK&PS' (KPS (K&s) (FT- K (FT-K) (p-1j~)

15W.M -3c..1 -259.95 -63 94 3,Oj 47,537.0

tBhSE PRESSURES - r-vA

A 13.00 0.00 C.) (o0

____ 4.00 0.00 0> I - 47

C zloo 0.50 V .9u1 M
D 0.5.6 S.00 0 (.981 ~ 7T

E' 0.00 4.oo 0 2.034

0.00 IS 0 2.2

I ISO 1071 0 2. 12Z b6~ rOJF Vis
3 .00 1-2.18 0 2, 17 C&AfIJ Il

3 .00 L.5,. C) 2.4-5-1

J 0.o zoI4. 0 3
K___ 4.0 40~s S3.~4

L___ st.oc 51.53 0 Z55'
11.,00 0.00 0 11Y
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I4EPb 6/TE MIOOLA4T1 TROY WC40. AWJL tAM
NORMAL OPFRATION Pws EiAKThQMA

S PsE A IR PZD-rETIES- D4rTIAL

Az awP PklVCWLE MARi~ YBP Z (5R x-Axts

(fr) (PT~ (PT)) (F1') cP& (" G_____

1335.42. 1 7-1'8~q.4 e,991..4 1-7-1 1.-.96 0 -. ~

Su'W. UNOAPq6F Fc~~cEs Am D MoNMC')TS IM IJI A L

FK Fy F ,

'759. 79 - 3&. 11 -297.9.5 -(,3943.o 4q-7953a 0

B3N'& PRESURI - IWJIrIAL

Ys~ * y z hss

A 13.60 0.00 1. 5.S B

____ C.oo 0.0o 0 1-579

c 7.00 0.50 0 1.5qS

E 0.00 +.Od 0 1-(057F

____ 0.00 6,.78 C0 I -74,0

6 115,0 101 0 1.171 fbPETIOI.JOF ORSE

A4 Mo0 11-78 0 1 .802-.

1 3.00 29,2.9 0 Z.,067
J 0.00 20, Z-S' 0 z 4

K 4.o. 4o.5- ____ 2.2 -79

L 3(-00 523 0o 2.42Z4
IA__ 31-00 0.000 1 .] _____
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-EAtb GATE M0~OITI1 TROY LOCK ANDf DAM
K6IMAL OPFRAnON PWS E.APT-tIQuAr

bAsE ARE-R PIZCCPE3TIS- FiW.AL..

It.,nq I PWC4.-
ABewT A~air P9 a wv Pir

AgmR mwhc~pL MmnE M3A9 YBfAR ZtZvR X-Xis

~!34.2.S~-'14 899'-54 i11 . .98T 0 -. 9-

SurvNAA- OF Foaces AND MO00C~TS PINJAL

75q .7 9  -34.11 -25q7.95' -(-694.0 44795'.3 0

~3PtSE PRESURES - FINAL-

ME~SSURE Y, yz fr-

FT) (F-f) (F,-') (s
A 13.00 0.60 -0 1.558

6 4.00 04~0 0 I~7

0 0.50 1.00 1-- S2._

______ c Coo 1.657 L

F 0.00 ~.S 0 1740
& 1.50 (0,78 0 1-771

14 3-0o 11-19 0 1 - am. F

L. 3.00 2-... Z5 ___ 2 2.087 [.-___ ro o A

a'" 44o.S3 0 1. .Ziq

L 31 00 511, 3 0 2. 4Z4
K4 3i.oO Coo0 0 a'
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AFD6AIG MOIANOUT14 TRO'( Locr AND DAM

Ro4mAL oPEg.A-Row Rvs T:E

13PRSE- FR P1fXPETIES - flI4rAL

AREAL Y.MLE vkw-M 9 Y8/OR. ZIA x-Ais
X -A Yj.5, Y-fil fvAxs La&r

1'~4225U91.4 1 8M6.4 11 '2-Z. 95 0 8-95

SurvvyP-q OkF rofcEs AmD M'OrMA@TS -ThLTIAL

910.72 -36.11 --2597.9 -6W93.o 5066-1-3 0

BhsE: ?REssiji.s - DJWITIAL

?oI~T C~flD~~Ecmaofar COADSOAIC

A 1.00 0.00 0 1,44-1
8 4.00 0.00 0 0.6%4
c I-00o 0,50 0 0.775 '7 1
D 1.0 '-06 .0

2- 0.00 4.00 1 0 0.695
F 0.00 8.78 0 0.7471

G__ 1'5'0 (0.78 0 O.B&O febinOL) DA

(4 3,00 f2-16 0.973 IN~~ 'O~ssiON

I . 3.00 .15z. 0 1 (.53

3f 0100 7- 1 5 C 0.971
K 4,10. 40.53 o 1.343
L 31-00 52.53 0 j3.116

tA 3(-00 0.00 a -5~
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44EADGATF- MONOL ITH- T LOCK ANDr DAM1
NJORMAL- 0pE-PATWPjq ?LVS ICC/

BASF- AURt PZFEJ TIES- FIN.AL

it-nmR ulaafA PiwCLE
h~w AgmtT .l% PLE

AgRim PflICwi jPLE Kwoa YW YM~. zl~R~ x-Ax-'s

~P) F-" (FT) (F ) X -AELS

SuivAMk3q 6F Foce6s AwD WMQCKTS- FINAL

Fy I, %

910.72 -3r..i -2597-95 -6,3943.0 565-41.3 0

t3iASC t- ESLSUE- FWgAL

Pac~SSCR 'K y Z Iks;L~
A 13.00 0.60 0 1.441

0 4.00 0.00 0 0.894
C '2.00 0.90 0 0.7e L
1) (ps0 S'.o o 0.703

0.00 4.00 0 0.695_

F 0.00 8.78 0 0.747
G I50 (0118 , C0.B60

14 5.00 (1-18 0C.973 ~I F~6

1 3.00 1 C. -ZS 0 1. ____2

IT__ 0.00 7-L 15 ______1

K - ! 0 4-,S 3__ 1_34__o
L. 31.00 S 53 c 3. (10
AA 31.00 0.00 0___ -Z -__T_
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r6EAt) CATE A\%Ot.OUTH 71ZOY L..OCK ND#
FLWI) CONDMTON '

SASE AgR M PIZ-CrITIES- 'ITIfIL-

PLrr A&loIT N~ i

(IiS (K1I) (KFps) CFrr- tp() ______

-1928.40~~ ~~ -4T1,3-02

SUM R- O P FSaI~s AN L MoITA.IS-ITTL

C 1..00 6.0 -4530 , 03 wj 0

(F7~.o) 0Fr rSr

A O.o0 0,00 0 1.S5 [11 9j

____ 3.00 0l.00 0 0.957

c 0 b.O 2.20 0 0 9

J 0.56 2~.00 0 C_____

G~ 000 4c.S 0 6 O-C-3

A 3.oo (2..73 0 C-968

m 31.00 0.06 0 13
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RiEMb (AT6-M0W0OIITH- 71OYLoCk-ftok/ DM
FLOODt COQDIT(0IJ 7

BASG A Orz R Ptz cpT i TE s- RNJA L.

PQWQ,?~LE fi~:oI'E yme W YWif?- z ~~x-N'S

7-542 25-B91-4 B99'16.4 17.l1. 1.1-99 0 a.s

SurEvvyP- G.F Fo~cEs AN.D tA)WT~..ITS - lH1MAL

C(.PS' ('K P) (KP (-T- K) (FT-K) J(Pr-Z)
733.53 0 -19.40 041Io~ 31

l3hSE PRESSURES - FW~AL

(fs=QRE (F-r (K s

A 13.06 0.00 0 1,S49
+.Do__ 0-00 0o l%

C 2,o 0.5-0 0 0 893

D 0.50 1.00 0o .B
L m

____ 0.00 4-00 0 0.637
F 0.00 ?-76 0 - 5-0

6.5 I 'll 10,12 ~

__4 _ 3.00 2-F~
______T~c 0.0 PA%-f

Im'
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In accordance with letter from DAEN-RDC, DAEN-ASI dated
22 July 1977, Subject: Facsimile Catalog Cards for
Laboratory Technical Publications, a facsimile catalog
card in Library of Congress MARC format is reproduced
below.

Pace, Carl E
Engineering condition survey and evaluation of Troy Lock

and Dam, Hudson River, New York; Report 2: Evaluation and
rehabilitation / by Carl E. Pace ... [et all. Viqksburg,
Miss. : U. S. Waterways Experiment Station ; Springfield,
Va. : available from National Technical Information Service,
1981.

64, [1181, 270 p. : ill. ; 27 cm. (Miscellaneous paper -
U. S. Army Engineer Waterways Experiment Station ; C-78-6,
Report 2)

Prepared for U. S. Army Engineer District, New York,
New York, N. Y., under Intra-Army Order No. NYD-78-52(c).

References: p. 64.

1. Concrete cores. 2. Concrete dams. 3. Concrete
deterioration. 4. Engineering condition survey. 5. Locks
(Waterways). 6. Stability analysis. 7. Troy Lock and Dam.
I. United States. Army. Corps of Engineers. New York District.
II. Series: United States. Waterways Experiment Station,
Vicksburg, Miss. Miscellaneous Paper; C-78-6, Report 2.
TA7.W34 no.C-78-6 Report 2

1'

_ _I * - -. . - ;




